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SUMMARY OF PROCEEDING OF THE 62d ANNUAL MEETING 


The 62d Castings Congress and Foundry Show of 
the American Foundrymen’s Society was held in Cleve- 
land, May 19 to 23, 1958. Exhibits of 233 companies 
were displayed in the 90,650 square feet of floor 
area used in the Cleveland Public Auditorium. 

Over 12,400 men of the Metalcasting Industry and 
allied industries throughout the United States and 
17 countries outside of continental United States 


attended the convention. 

Over 95 papers were presented at 45 technical 
sessions, which included 5 popular shop courses. 

The Charles Edgar Hoyt Memorial Lecture was de- 
livered by W. E. Remmers, Vice-President, Union 
Carbide Corp., New York, on the subject “Silicon: 
Present and Future” and is published starting on 
page 513 of this volume. 

A summary of the sessions held follows: 

Monday, May 19, 7:30 AM 
AUTHOR—CHAIRMAN BREAKFAST 
Monday, May 19, 9:30 AM 
MALLEABLE SESSION 

Presiding—M. Tilley, National Malleable & Steel Castings Co., 
Cleveland. 

J. W. Clarke, General Electric Co., Erie, Pa. 

Secretary—G. B. Mannweiler, Eastern Malleable Iron Co., Nau- 
gatuck, Conn. 

Observations on Pinhole Defects in White Iron Castings— 
R. W. Heine, University of Wisconsin, Madison. 

Steel Scrap Specifications for Duplexing Cupola White Iron— 
R. H. Greenlee, Auto Specialties Mfg. Co., St. Joseph, Mich. 

Your Foundry and Preventive Maintenance—C. E. Fausel, 
Central Foundry Div., G. M. C., Danville, Ill. 

Monday, May 19, 9:30 AM 
PATTERN SESSION 

Presiding—A. F.. Pfeiffer, West Allis, Wis. 

O. C. Bueg, Arrow Pattern & Engineering Co., Erie, Pa. 
Secretary—N. C. Jones, New York Air Brake Co., Watertown. 
Construction of Shell Mold Patterns and Core Boxes—W. A. 

Wright, Woodruff & Edwards, Inc., Elgin, III. 

Gating and Risering Shell Mold Pattern Equipment—D. C. 
Kidney, Westinghouse Air Brake Co., Wilmerding, Pa. 

Monday, May 19, 9:30 AM 
STEEL SESSION 

Presiding—C. Locke, Crucible Steel Casting Co., Cleveland. 
rg Donoho, American Cast Iron Pipe Co., Birmingham, 
Ala. 

Secretary—W. A. Koppi, International Nickel Co., New York. 

Improving Electric Furnace Refractory Life by Special Shell 
Cooling Techniques—V. J. Howard, Oklahoma Stee! Cast- 
ings Co., Tulsa. 

Some Factors Affecting the Toughness of Mild Steel Castings— 
H. H. Fairfield and J. A. Ortiz, Los Angeles Steel Casting 
Co., Los Angeles. 

The Electric Arc in Melting Furnaces—W. E. Schwabe, Na- 
tional Carbon Co., Div. U.C.C. Corp., New York. 

Monday, May 19, 12:00 Noon 
STEEL Rounp TABLE LUNCHEON 


Presiding—E. H. Howells, Bethlehem Steel Co., Bethlehem, Pa. 


A. J. Kiesler, General Electric Co., Schenectady, N. Y. 


Subject—A Metallurgical Report on Russia. 

Speaker—W. R. Hibbard, General Electric Co., Schenectady, 
N. Y. 

Monday, May 19, 2:30 PM 
SAND SESSION—THE CO> PrROcEss 

Presiding—J. E. Dvorak, Eberhard Mfg. Co., Div. Eastern 
Malleable Iron Co., Cleveland. 

R. H. Jacoby, St. Louis Coke & Foundry Supply Co., St. 
Louis. 

Secretary—T. Giszczak, Central Foundry Div., G. M. C., De- 
fiance, Ohio 

Investigation of the Hardening of Sodium Silicate Bonded Sand 
—C. E. Wulff, University of Wisconsin, Madison. 

Sodium Silicates for the CO2 Process—E. A. Lange and R. E. 
Morey, U. S. Naval Research Laboratory, Washington, D. C. 

COz Cores in a Malleable Foundry—G. Nestor, National Malle- 
able & Steel Castings Co., Cleveland. 

Monday, May 19, 2:30 PM 
PATTERN SESSION 

Presiding—F. C. Cech, Max S. Hayes Trade School, Cleveland. 
J. M. Kreiner, National Malleable & Steel Castings Co., 
Cleveland. 

Secretary—W. E. Mason, Westinghouse Air Brake Co., Wil- 
merding, Pa. 

Pattern Standards for Practical Foundry Usage—E. A. Geary, 
Trafford Foundry Div., Westinghouse Electric Corp., Traf- 
ford, Pa. 

Forum—Where do we Start?—You Must Tell Us! 

Standards Committee—D. T. Kindt, The Kindt-Collins Co., 
Cleveland; R. L. Olson, Dike-O-Seal, Inc., Chicago; H. A. 
Burton, Canadian Steel Foundries, Montreal, Que., Canada. 

Monday, May 19, 2:30 PM 
MALLEABLE SESSION 

Presiding—A. E. Karpicke, Central Foundry Div., G. M. C., 
Saginaw, Mich. 

P. F. Ulmer, Link Belt Co, Indianapolis. 

Secretary—R. P. Schauss, Werner G. Smith, Inc., Chicago. 

Annealing of Malleable Iron: Effect of Repeated Annealing 
on Rate of Second Stage Graphitization—J. E. Rehder and 
J. E. Wilson, Canada Iron Foundries, Ltd., Montreal, Que., 
Canada. 

Salt Bath Treatment vs. Quench and Temper Standard and 
Pearlitic Malleable—P. W. Green, General Electric Co., Erie, 
Pa. 

Malleable Iron Microstructures Effect and Cause—Report of 
Controlled Annealing Committee, L. R. Jenkins, Wagner 
Malleable Iron Co., Decatur, III. 

Monday, May 19, 4:00 PM 
Licut METALS SESSION 

Presiding—R. E. Edelman, Frankford Arsenal, Philadelphia. 
C. H. Lorig, Battelle Memorial Institute, Columbus, Ohio. 

Secretary—J. G. Kura, Battelle Memorial Institute, Columbus, 
Ohio. 

Problems Encountered in Casting Reactive Metals—W. A. As- 
choff and D. H. Blair, Oregon Metallurgical Corp., Albany, 
Ore. 

A Casting Technology for Reactive Metals—F. W. Wood, S. L. 
Ausmus, and E. D. Calvert, U. S. Bureau of Mines, Albany, 
Ore. 

Foundry Characteristics of a Rammed Graphitic Mold Mater- 
ial for Casting Titanium—H. W. Antes, R. E. Edelman, 
and J. T. Norton, Ordnance Corps, Frankford Arsenal, 
Philadelphia. 
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Summary of Proceedings 


A Method of Casting Radiator-Type Fuel Elements for a 
Nuclear Reactor—A. W. Hare and R. F. Dickerson, Battelle 
Memorial Institute, Columbus, Ohio. 

Monday, May 19, 4:00 PM 
FUNDAMENTAL PAPERS SESSION 

Presiding—M. C. Flemings, Massachusetts Institute of Tech- 
nology, Cambridge, Mass. 

S. Lipson, Frankford Arsenal, Philadelphia. 

Secretary—N. Sheptak, The Dow Chemical Co., Midland, Mich. 

Ductile High Strength Titanium Castings by Induction Melt- 
ing—J. Zotos, P. J. Ahearn, and H. M. Green, Watertown 
Arsenal, Watertown, Mass. 

Effect of Pressure During Solidification on Microporosity in 
Aluminum Alloys—S. Z. Uram, M. C. Flemings, and H. F. 
Taylor, Massachusetts Institute of Technology, Cambridge, 
Mass. 

Fundamental Studies on Effects of Solution Treatment, Iron 
Content, and Chilling of Sand Cast Aluminum-Copper Alloy 
—E. M. Passmore, M. C. Flemings, and H. F. Taylor, 
Massachusetts Institute of Technology, Cambridge, Mass. 
: Monday, May 19, 6:00 PM 

INTERNATIONAL RECEPTION 
Monday, May 19, 6:30 PM 
Non-FeErrous FOUNDERS SOCIETY 
“O_p Guarp” DINNER 
Monday, May 19, 8:00 PM 
MALLEABLE SHOP CouRSE 

Presiding—W. C. Truckenmiller, Albion Malleable Iron Co., 
Albion, Mich. 

E. A. Welander, John Deere Malleable Wks., East Moline, 
Ill. 

Subject—Melting Variables and Controls. 

Speaker—L. R. Jenkins, Wagner Malleable Iron Co., Decatur, 
Ill. 

Sponsored by—Controlled Melting Committee (6-F ). 

Tuesday, May 20, 7:30 AM 
AuTHOR-CHAIRMAN BREAKFAST 
Tuesday, May 20, 9:00 AM 
PATTERN SESSION 

Presiding—R. L. Olson, Dike-O-Seal, Inc., Chicago. 
M. K. Young, U. S. Gypsum Co., Chicago. 

Secretary—N. C. Jones, New York Air Brake Co., Watertown. 

A Little Knowledge of Plastics—R. LeMaster, Nelson Pattern 
Works, Milwaukee. 

Construction Hints and Wear Characteristics of Plastic Pat- 
terns and Core Boxes—V. E. Zang, Unicast Corp., Toledo, 
Ohio. 

Tuesday, May 20, 9:00 AM 

AFS InstrruTE TRUSTEES 

Tuesday, May 20, 9:00 AM 
LicHT METALS SESSION 

Presiding—R. A. Flinn, University of Michigan, Ann Arbor. 
W. A. Mader, Oberdorfer Foundries, Inc., Syracuse, N. Y. 

Secretary—S. Lipson, Frankford Arsenal, Philadelphia. 

Effect of Impurities upon the Resistance of Magnesium Casting 
Alloys AZ92 and AZ63 to Corrosion—B. J. Nelson, Alumi- 
num Co. of America, New Kensington, Pa. 

Some Requirements for Successful Fluidity Testing—S. A. Prus- 
sin, Pacific Semiconductors, Inc., Culver City, Cal., and 
C. R. Fitterer, University of Pittsburgh, Pittsburgh, Pa. 

An Improved Design for Cast Tensile Bar Molds—M. Kar- 
nowsky, Sandia Corp., Albuquerque, N. M. 

Tuesday, May 20, 9:00 AM 
HEARING AND RADIATION SESSION 

Presiding—J. R. Allan, Allan Industries, Inc., Melbourne, Fla. 

Secretary—K. M. Smith, Caterpillar Tractor Co., Peoria, Il. 

Noise-Induced Hearing Loss—E. L.. Walsh, M.D., Internation- 
al Harvester Co, Chicago. 

Radiation Protection Problems in Industry—A. F. Cota, A. O. 
Smith Co., Milwaukee. 

Dust Piping Modifications to Prevent Material Buildup and 
Wear—R. C. Ortgies, American Air Filter Co., Louisville, Ky. 

i Tuesday, May 20, 9:00 AM 
STEEL SESSION 

Presiding—D. N. Rosenblatt, American Foundry & Machine 
Co., Salt Lake City. 

E. W. O’Brien, Oklahoma Steel Castings Co., Tulsa, Okla. 

Secretary—C. A. Faist, Burnside Steel Foundry, Chicago. 


vil 


The Effect of Vanadium on the High and Low Temperature 
Mechanical Properties of a 1 per cent Chromium, 1 per cent 
Molybdenum Cast Steel—R. S. Zeno and L. D. Tote, General 
Electric Co., Schenectady, N. Y. 

Factors Influencing the Resistance of Steel Castings to High 
Stress Abrasion—T. E. Norman, Climax Molybdenum Co., 
Denver, Colo. 

Cast Age-Hardenable Austenitic Steel—E. A. Lange, N. C. 
Howells, and A. Bukowski, Naval Research Laboratory, 
Washington, D. C. 

Tuesday, May 20, 9:30 AM 
Non-F errous FouNDERS SOCIETY 
ANNUAL MEETING SESSIONS 


Tuesday, May 20, 12:00 Noon 
MALLEABLE ROUND TABLE LUNCHEON 
Presiding—F. B. Rote, Albion Malleable Iron Co., Albion, Mich. 
J. H. Lansing, Malleable Founders’ Society, Cleveland. 
Subject—Diversification in the Malleable Industry. 
Speaker—L. D. Ryan, Malleable Founders’ Society, Cleveland. 
Tuesday, May 20, 12:00 Noon 
PATTERN RouNnpD TABLE LUNCHEON 
Presiding—J. F. Roth, Cleveland Standard Pattern Works, 
Cleveland. 
J. M. Kreiner, National Malleable and Steel Castings Co., 
Cleveland. 
Subject—How Patternmakers Can Help to Sell Castings. 
Speaker—G. K. Dreher, Steel Founders’ Society of America, 
Cleveland. 
Tuesday, May 20, 12:00 Noon 
AFS Boarp or Dmecrors LUNCHEON 
AND BusINESS MEETING 
Tuesday, May 20, 12:00 Noon 
Non-Ferrous Founpers’ SOCIETY 
GOvVERNMENT-INDUSTRY LUNCHEON 


Tuesday, May 20, 2:30 PM 
FUNDAMENTAL PAPERS SESSION 

Presiding—J. F. Wallace, Case Institute of Technology, Cleve- 
land. 

C. F. Walton, Gray Iron Founders’ Society, Cleveland. 
Secretary—P. J. Ahearn, Watertown Arsenal, Watertown, Mass. 
Solidification and Risering of Gray Iron Castings—C. M. Adams, 

M. C. Flemings and H. F. Taylor, Massachusetts Institute 

of Technology, Cambridge, Mass. 

Resumes of: Formation of Ferrite and Pearlite in Cast Iron 
and Formation of Uncooled Graphite in Cast Iron—G. Ohira 
and K. Ikawa, Tohoku University, Sendai, Japan. 

Presented by—E. B. Evans, Case Institute of Technology, 
Cleveland. 

Effect of Some Gases on the Work of Adhesion between a 
Novolak and Quartz—D. W. G. White, Dept. of Mines & 
Technical Surveys, Ottawa, Ont., Canada, and H. F. Taylor, 
Massachusetts Institute of Technology, Cambridge, Mass. 

Reduction of Silica in Large Shell Molds—L. H. VanVlack, 
R. G. Wells, and W. B. Pierce, University of Michigan, 
Ann Arbor. 

Tuesday, May 20, 2:30 PM 
Licut METALS SESSION 

Presiding—W. E. Sicha, Aluminum Co. of America, Cleveland. 
D. J. Henry, General Motors Research, Detroit. 

Secretary—C. T. Marek, Purdue University, Lafayette, Ind. 

New Aluminum-Magnesium-Zinc Casting Alloy—H. C. Rute- 
miller, Aluminum Co. of America, Cleveland. 

High Strength Aluminum X357, Properties and Aging Prac- 
tices—A. B. DeRoss, Kaiser Aluminum & Chemical Sales, 
Inc., Chicago. 

Foundry Practice for Sand Casting Commercially Pure Alumi- 
num—M. V. Davis and R. V. Scalco, Anderson Electric 
Corp., Birmingham, Ala. 

Tensile Properties of Microshrinkage—Graded AZ63 Magnesi- 
um Alloy—J. D. Grimsley and I. J. Feinberg, U. S. Naval 
Ordnance Laboratory, White Oak, Silver Springs, Md. 

Tuesday, May 20, 2:30 PM 
SAND SESSION—MOLDING MATERIALS FOR 
STEEL CASTINGS 

Presiding—F. J. Pfarr, Lake City Malleable Co., Cleveland. 
J. B. Caine, Consultant, Cincinnati. 

Secretary—E, F, Thomas, Ohio Foundry Co., Cleveland. 





vil 


A literature Review of Metal Penetration—A. E. Murton and 
S. L. Gertsman, Dept. of Mines & Technical Surveys, Ot- 
tawa, Ont., Canada. 

Mold Surface Behavior—D. Roberts, Oil City Iron Works, 
Corsicana, Texas, and E. E. Woodliff, Foundry Sand Serv- 
ice Engineering Co., Detroit. 

Sintered Alumina Molds for Investment Casting of Steels— 
B. Bovarnick, and F. C. Quigley, Watertown Arsenal, Water- 
town, Mass. 

Tuesday, May 20, 2:30 PM 
STEEL SESSION 

Presiding—G. W. Johnson, Vanadium Corp. of America, Chi- 
cago. 

J. A. Rassenfoss, American Steel Foundries, East Chicago, 

Ind. 

Secretary—C. R. Sorensen, National Malleable and Steel 
Castings Co., Cicero, Ill. 

Purchase Specifications for Commonly Used Steel Foundry 
Mold and Core Sand Binders—E. G. Vogel, Lebanon Steel 
Foundry, Lebanon, Pa. 

Shell Molding for Steel Castings—R. G. Powell and H. F. 
Taylor, Massachusetts Institute of Technology, Cambridge, 
Mass. 

Tuesday, May 20, 2:30 PM 
Non-FEerrous FouNDERS SOCIETY 
ANNUAL MEETING SESSIONS 
Tuesday, May 20, 4:00 PM 
MALLEABLE SHOP CouRSsE 

Presiding—J. E. Kruse, Albion Malleable Iron Co., Albion, 
Mich. 

A. H. Karpicke, Central Foundry Div., G. M. C., Saginaw, 

Mich. 

Subject—The Supplemental Heat Treatment of Pearlitic Mal- 
leable Iron. 

Panel Members—Lead Pot Hardening—F. J. Asselin, Chevrolet 
Motor Div., G. M. C., Bay City, Mich.; Induction Harden- 
ing—A. Hoover, Oldsmobile Motor Div., G. M. C., Lansing, 
Mich.; Flame Hardening—A. C. Harris, Cincinnati Milling 
Machine Co, Cincinnati. 

Hardenability of Pearlitic Malleable Iron—Progress Report, 
Pearlitic Malleable Committee (6-E), R. W. Heine, Univer- 
sity of Wisconsin. 

Tuesday, May 20, 6:00 PM 
SAND Division DINNER 

Presiding—E. C. Zirzow, Werner G. Smith, Inc., Cleveland. 

Subject—What European Foundrymen are Doing. 

Speaker—C. A. Sanders, American Colloid Co.. Skokie, Ill. 

Motion Picture—“The Buhrer, Automated Molding and Pour- 
ing Method.” 

Comments by—A. H. Homberger, American Automation 

Corp, New York. 

Tuesday, May 20, 7:00 PM 
CANADIAN DINNER 

Presiding—A. W. Pirrie, Toronto, Ont., Canada. 
Tuesday, May 20, 7:30 PM 
Non-FErrous FOUNDERS SOCIETY 

ANNUAL BANQUET 

Tuesday, May 20, 8:00 PM 
SAND SHop CouRsE 

Presiding—V. Rowell, Harry W. Dietert Co., Detroit. 

Subject—Better Finish and More Accurate Dimensions through 
Good Sand Practice. 

Panel—Gray Iron—C. J. Jelinek, Ford Motor Co., Cleveland; 
Steel—R. McCleery, National Malleable & Steel Castings 
Co., Sharon, Pa.; Malleable—C. E. Morrison, Dayton Mal- 
leable’ Iron Co., Ironton, Ohio; Light Metals—R. E. Daine, 
Aluminum Co. of America, Cleveland; Brass and Bronze— 
A. Cortese, Mueller Brass Co., Port Huron, Mich. 

Wednesday, May 21, 7:30 AM 
AUTHOR-CHAIRMAN BREAKFAST 
Wednesday, May 21, 9:30 AM 
AFS ANNUAL BusINEss MEETING 

Presiding—AFS President, H. W. Dietert. 

President Dietert called upon General Manager Maloney 
who reported on the nomination of Officers and Directors 
for the coming year and stated that no additional nominees 
had been received in accordance with the procedure pre- 
scribed in Art, XI of the Society By-Laws. He therefore 
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cast a unanimous ballot of the membership of AFS for the 

election of the following: 

President (to serve one year): 

Lewis H. Durdin, Dixie Bronze Co., Birmingham, Ala. 

Vice-President (to serve one year): 

Charles E. Nelson, Dow Chemical Co., Midland, Mich. 

Directors (to serve three years): 

D. W. Boyd, Engineering Castings, Inc., Marshall, Mich. 

T. W. Curry, Lynchburg Foundry Co., Lynchburg, Va. 

R. R. Deas, Jr., Hamilton Foundry and Machine Co., Ham- 
ilton, Ohio. 

J. Dee, Dee Brass Foundry, Houston, Texas. 

W. L. Kammerer, Midvale Mining and Mfg. Co., St. Louis, Mo. 

H. M. Patton, American Hoist and Derrick Co., St. Paul, Minn. 

C. A. Sanders, American Colloid Co., Skokie, Il 

Director (to serve one year): 

H. W. Dietert, Harry W. Dietert Co., Detroit, Mich. 

The Society arranged to have the five first-prize winners 
in the 1958 Robert F. Kennedy Apprentice Contest present 
at the Convention to receive their awards in person. 
Wood Patternmaking 
lst—Adam Kravetz, Progress Pattern Co., Pontiac, Mich. 
2nd—Gerald Celk, John C. Beuse Patterns, Los Angeles. 
3rd—Edward Lamparyk, Modern Pattern Co., Cleveland. 
Iron Molding 
lst—Raymond McDermott, Brown and Sharpe Mfg. Co., Provi- 

dence, R. I. 
2nd—James Sanders, Fairbanks, Morse and Co., Beloit, Wis. 
3rd—Leslie L. Lowe, Caterpillar Tractor Co., Peoria, Il. 
Steel Molding 
lst—James E. Gift, Jr., Dodge Steel Co., Philadelphia. 
2nd—James Rogers, Oregon Steel Foundry Co., Portland, Ore. 
8rd—Gordon Wambold, Waukesha Foundry Co., Waukesha, 

Wis. 

Nonferrous Molding 

lst—William Boatright, AiResearch Mfg. Co., Los Angeles. 
2nd—Loring Thomas, AiResearch Mfg. Co., Los Angeles. 
3rd—Ralph Leland, Alloy Aluminum Foundry, Los Angeles. 
Metal Patternmaking 

lst—Paul Niebur, Central Pattern Co., St. Louis. 

2nd—Clifford Duckworth, Caterpillar Tractor Co., Peoria, Il. 
3rd—Maurice Klante, R. A. Nelson Pattern Co., Milwaukee. 

President Dietert then called upon Past-President F. W. 
Shipley to present the AFS Service Citations and Awards 
of Scientific Merit. 

The AFS Service Citation 
Frank S. Brewster, Director of Research and Development, 

Brumley-Donaldson Co., Huntington Park, Calif. 

Ernest T. Kindt, President, Kindt-Collins Co., Cleveland. 

Frederick G. Sefing, Metallurgist, Development and Research 
Div., International Nickel Co., New York. 

The Award of Scientific Merit 

Mervin H. Horton, Supervisor of Foundry Service, Deere and 

Co., Moline, IIl. 

Kenneth H. Priestley, President and Metallurgist, Vassar 

Electroloy Products, Inc., Vassar, Mich. 

Franklin B. Rote, Technical Director, Albion Malleable Iron 

Co., Albion, Mich. 

Wednesday, May 21, 10:30 AM 
C. E. Hoyr MeMoriAL LECTURE 
Subject—Silicon: Present and Future. 
Speaker—W. E. Remmers, Vice-President, Union Carbide Corp., 

New York. 

Wednesday, May 21, 12:00 Noon 
MANAGEMENT DEVELOPMENT LUNCHEON AND SESSION 
Presiding—C. E. Westover, Westover Engineers, Milwaukee. 
Speakers—Creating a Climate for Management Development— 

R. B. Baker, American Brake Shoe Co., New York. 

Getting the Most out of Yourself—R. Monsalvatge, Dayton, 

Ohio. 

Wednesday, May 21, 12:00 Noon 
NATIONAL Founpry ASSOCIATION BOARD 
LUNCHEON AND MEETING 
Wednesday, May 21, 2:30 PM 
EDUCATION SESSION 
Presiding—A. F. Pfeiffer, Allis-Chalmers Mfg. Co., West Allis, 

Wis. 

I. H. Dennen, Beardsley & Piper Div, Pettibone-Mulliken 

Corp, Chicago. 
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Secretary—J. Toth, H. W. Dietert Co., Detroit. 

Panel Members—G. K. Dreher, Steel Founders Society of 
America, Cleveland; C. F. Walton, Gray Iron Founders’ 
Society, Inc., Cleveland; H. F. Scobie, Non-Ferrous Found- 
ers’ Society, Evanston, IIl.; J. H. Lansing, Malleable Found- 
ers’ Society, Cleveland; C. V. Nass, Beardsley & Piper Div., 
Pettibone-Mulliken Corp., Chicago; E. J. Walsh, Foundry 
Educational Foundation, Cleveland. 

Motion Picture—“Education and our Industry’s Survival.” I. H. 
Dennen, Beardsley & Piper Div., Pettibone-Mulliken Corp., 
Chicago. 

Wednesday, May 21, 2:30 PM 
LicHt METALS SESSION 

Presiding—D. S. Mills, General Motors Research, Detroit. 

F. L. Burkett, The Dow Chemical Co., Midland, Mich. 
Secretary—R. F. Dalton, Howard Foundry Co., Chicago. 
Induction Melting in a Magnesium Foundry—J. G. House and 

M. E. Brooks, The Dow Chemical Co., Bay City, Mich. 
On the Release of Hydrogen from Molten Aluminum—A. Pal, 

Annapurna Metal Works, Calcutta, India; and H. M. Davis, 

Pennsylvania State University, University Park. 

Improvement of Castings by Press Forging—A. H. Murphy 
and W. Rostoker, Armour Research Foundation, Chicago; 
and L. L. Clark, Fansteel Metallurgical Corp., Muskogee, 
Okla. 

Wednesday, May 21, 2:30 PM 
Gray IRON SESSION 

Presiding—C. W. Ray, Deere & Co., Moline, Ill 
H. W. Ruf, Grade Foundries, Inc., Milwaukee. 

Secretary—L. J. Venne, Electro Metallurgical Co., Div. of 
Union Carbide Corp., Cleveland. 

A Study of the Ferritization of Nodular Iron—E. J. Eckel, 
University of Illinois, Urbana. 

Magnesium Content and Graphite Forms in Cast Iron—J. F. 
Ellis and C. K. Donoho, American Cast Iron Pipe Co., 
Birmingham, Ala. 

Some Structural Considerations in Nodular Iron—V. Pulsifer, 
Armour Research Foundation, Chicago. 

Wednesday, May 21, 2:30 PM 
SAND SESSION—SYMPOSIUM ON THE 
PacKING CHARACTERISTICS OF FouNDRY SANDS 

Presiding—J. F. Wallace, Case Institute of Technology, Cleve- 
land. * 

V. Rowell, H. W. Dietert Co., Detroit. 

Secretary—R. A. Green, Eastern Clay Products Dept., Inter- 
national Minerals and Chemical Corp., Chicago. 

The Basic Concepts Committee—V. Rowell. 

The Theoretical Concepts of the Packing of Small Particles— 
J. B. Caine, Consultant, Cincinnati; and C. E. McQuiston, 
Advance Foundry Co., Dayton, Ohio. 

Density of Sand Grain Fractions of The AFS Sieve Analysis— 
R. W. Heine, University of Wisconsin, Madison; and T. W. 
Seaton, American Silica Sand Co., Ottawa, Ill. 

Packing Characteristics of Typical Foundry Sands—L. J. Pedi- 
cini, Congress Die Casting Div., Tann Corp., Detroit. 

Sieve Ratios and Processing for Strong Molding Sands—J. T. 
Parisi, O. C. Nutter, and C. Michalowski, Pekay Machine 
& Engineering Co., Chicago. 

Wednesday, May 21, 2:30 PM 
Non-FEerrous FOUNDERS SOCIETY 
ANNUAL MEETING SESSIONS 
Wednesday, May 21, 4:00 PM 
PLANT & PLANT EQUIPMENT SESSION 

Presiding—J. Thomson, East Chicago, Ind. 

H. W. Johnson, Wells Mfg. Co., Skokie, Ill. 

Prevention by the Ounce—F. J. Dost and G. P. Ribar, Sterling 
Foundry Co., Wellington, Ohio. 

Establishing an Effective Preventive Maintenance Program— 
W. Huelsen, Caterpillar Tractor Co., Peoria, Ill. 

Wednesday, May 21, 7:00 PM 
AFS ANNUAL BANQUET 

Presiding—AFS President Harry W. Dietert. 

The AFS Annual Banquet was called to order by President 
Dietert. Presentation of AFS Gold Medal Awards was made 
is follows: 

THe THomas W. PancBporn GoLp MEDAL 

Awarded to Ralph A. Clark, Manager of Foundry Services, 

Electro Metallurgical Co., Div. of Union Carbide Corp., Cleve- 
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land . . . “For outstanding contributions to the Society and 

the ferrous casting industry, especially in the field of gray 

iron metallurgy.” 

THe WitiraM H. McFappen Go_p MEDAL 
Awarded to Howard J. Rowe, Chief Metallurgist, Castings 
Div., Aluminum Co. of America, Pittsburgh, Pa. . . . “For 
outstanuing contributions to the Society and to the light 
metals branch of the casting industry.” 

Tue JoserH S. SEAMAN GOLD MEDAL 

Awarded to William W. Maloney, Secretary and General 

Manager, AFS. . . . “For enthusiastic leadership and com- 

pletely unselfish devotion to the Society as its Secretary 

and General Manager.” 

Following the presentation of awards, President Dietert in- 
troduced the guest speaker of the evening, Dr. Ralph E. 
Lapp, Director, Nuclear Science Service, Arlington, Va. Mr. 
Lapp’s subject was “Men, Rockets, and Atoms.” 

Thursday, May 22, 7:30 AM 
AUTHOR-CHAIRMAN BREAKFAST 
Thursday, May 22, 9:00 AM 
BRASS AND BRONZE SESSION 

Presiding—W. H. Baer, Bureau of Ships, Naval Department, 
Washington, D. C. 

J. E. Gotheridge, Foundry Services, Inc., Columbus, Ohio. 
Secretary—R. F. Schmidt, Ajax Metal Div., H. Kramer & Co., 

Philadelphia. 

The Chemical Treatment of Copper Alloys—R. W. Ruddle, 
Foundry Services, Inc., Columbus, Ohio. 

Deoxidation Practice for Copper Shell-Molded Castings—R. C. 
Harris, Ordnance Corps., Frankford Arsenal, Philadelphia. 
Thursday, May 22, 9:00 AM 
SAND SEssIoN—EFFECT OF HEAT ON THE 
PROPERTIES OF MOLDING SAND 
Presiding—R. L. Gollmar, Elyria Foundry Div., Chromalloy 

Corp., Elyria, Ohio. 

R. H. Olmsted, Whitehead Bros., New York. 

Secretary—C. J. Swencki, Superior Foundry, Inc., Cleveland. 

Investigations on the Effect of Heat on the Bonding Proper- 
ties of Various Bentonites-F. Hofmann, George Fischer, 
Ltd., Schaffhaussen, Switzerland. 

The Problem of Hot Molding Sands—R. W. Heine, University 
of Wisconsin; E. H. King and J. S. Schumacher, Hill & 
Griffith Co., Cincinnati. 

Gas Pressures in Green Sand Molds—C. T. Marek, Purdue 
University, Lafayette, Ind.; and C. B. Ward, USAF, Mate- 
rials Laboratory, Wright Air Development Center, Wright- 
Patterson AFB, Ohio. 

Thursday, May 22, 9:00 AM 
HEAT TRANSFER SESSION 

Presiding—R. C. Schnay, Canada Iron Foundries, Ltd., Toron- 
to, Ont., Canada. 

R. E. Spear, Aluminum Co. of America, Cleveland. 
Relationship of Interface Temperature and Solidification—\ 

Paschkis and J. ‘W. Hlinka, Columbia University, New York. 
Ladle Heating in the Foundry—R. B. Renda, Purdue University, 

Lafayette, Ind.; and W. M. Zeunik, National Malleable & 

Steel Castings Co., Indianapolis. 

Thursday, May 22, 9:00 AM 
Gray IRON SESSION 

Presiding—K. G. Presser, Forest City Foundries, Cleveland. 
C. F. Walton, Gray Iron Founders’ Society, Cleveland. 

Secretary—W. R. Hohl, Pontiac Motor Div., G.M.C., Pontiac, 
Mich. 

Gases in Cast Iron with Special Reference to Pickup of 
Hydrogen from Sand Molds—J. V. Dawson and L. W. L. 
Smith, British Cast Iron Research Association, Birmingham, 
England. 

Presented By—H. E. Henderson, Lynchburg Foundry Co., 

Lynchburg, Va. 

Risering of Gray Iron Castings—J. F. Wallace and E. B. Evans, 
Case Institute of Technology, Cleveland, AFS Research 
Progress Report. 

Progress Report—Joint AFS-AWS Committee on Welding (5-N). 

Thursday, May 22, 9:00 AM 
Founpry EpucATION FOUNDATION 
Thursday, May 22, 12:00 Noon 
Licut Merats & Die CastINnc 


Rounpb TABLE LUNCHEON 
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Presiding—F. C. Bennett, The Dow Chemical Co., Midland, 
Mich. 

C. E. Nelson, The Dow Chemical Co., Midland, Mich. 
Subject—Automatic Ladling of Light Metals. 

Panel—R. C. Haverberg, AC Spark Plug Div., G.M.C., Flint, 
Mich.; C. H. George, Western Electric Co., Baltimore, Md.; 
H. Eriksen, Chrysler Corp., Kokomo, Ind. 

Thursday, May 22, 12:00 Noon 
AFS Past Presents’ LUNCHEON 
Presiding—Frank W. Shipley, Caterpillar Tractor Co., Peoria, Ill. 
Thursday, May 22, 2:30 PM 
Brass & BRONZE SEMINAR 

Presiding—R. A. Colton, Federated Metals Div., American 
Smelting & Refining Co., Houston, Texas. 

C. L. Mack, Johnson Bronze Co., New Castle, Pa. 
Secretary—C. E. Muller, Ingersoll-Rand Co., Phillipsburg, N. J. 
Subject—What is Expected of a Casting. 

Panel—Casting Redesign—W. F. Straight, Bethlehem Steel Co., 
Quincy, Mass.; Casting Design—J. S. McVey, General Elec- 
tric Co., Everett, Mass.; Casting Purchasing—J. W. Foster, 
Ingersoll-Rand Co., Phillipsburg, N. J. 

Thursday, May 22, 2:30 PM 
INDUSTRIAL ENGINEERING SESSION 

Presiding—R. B. Hill, Canada Iron Foundries, Montreal, Que., 
Canada. 

M. T. Sell, Sterling Foundry Co., Wellington, Ohio. 
Secretary—E. C. Reid, Ford Motor Co. of Canada, Ltd., Wind- 

sor, Ont., Canada. 

An Approach to Work Simplification—C. A. Hanson, Deere & 
Co., Moline, Til. 

Effort Rating—a Series of Effort Rating Films—J. Taylor, Norris 
& Elliott, Inc., Columbus, Ohio. 

Thursday, May 22, 2:30 PM 
SAND SESSION—STUDY OF THE PROPERTIES OF 
GreEN MOoLpinc SAND 

Presiding—D. Clark, Forest City Foundries Co., Cleveland. 
W. R. Moggridge, Ford Motor Co. of Canada, Ltd., Wind- 
sor, Ont., Canada. 

Secretary—A. J. Dublo, Sterling Foundry Co., Wellington, Ohio. 

Hot Deformation of Molding Sand—H. W. Dietert, Harry W. 
Dietert Co., Detroit; and T. E. Barlow, Eastern Clay 
Products Dept., International Minerals & Chemicals Corp., 
Chicago. 

Correlation of Green Strength, Dry Strength, and Mold Hard- 
ness of Molding Sands—R. W. Heine, University of Wiscon- 
sin, Madison; E. H. King and J. S. Schumacher, Hill & Grif- 
fith Co., Cincinnati. 

Thursday, May 22, 4:00 PM 
LicHt METALS SESSION 

Presiding—G. H. Found, Saginaw Bay Industries, Inc., Bay 
City, Mich. 

R. S. Fulton, Chevrolet Transmission Div., G.M.C., Toledo. 
Secretary—K. B. Bly, Fabricast Div., G.M.C., Bedford, Ind. 
Performance of Chills on High Strength Magnesium Alloy 

Sand Castings of Various Section Thickness—M. C. Flem- 

ings, R. W. Strachan, E. J. Poirier, and H. F. Taylor, 

Massachusetts Institute of Technology, Cambridge, Mass. 
Rigging Design of High Strength Magnesium Alloy Castings— 

M. C. Flemings, R. W. Strachan, E. J. Poirier, and H. F. 

Taylor, Massachusetts Institute of Technology, Cambridge, 

Mass. 

The Effect of Cooling Rate on the Grain Size of Magnesium 
Casting Alloys—R. D. Green, The Dow Chemical Co., Mid- 
land, Mich. 

The Parlanti Mould Process for the Casting of Metal by 
Controlled Rate of Heat Transfer—C. A. Parlanti and R. D. 
Veneklasen, Niforge Engineered Castings, Inc., Boston. 

Thursday, May 22, 7:00 PM 
AFS ALuMNI DINNER 
Presiding—Frank W. Shipley, Peoria, Il. 
Thursday, May 22, 8:00 PM 
Gray Iron SHop Course 

Presiding—H. H. Wilder, Vanadium Corp. of America, Chicago. 
W. W. Holden, Dostal Foundry & Machine Co., Pontiac, 
Mich. 

E. J. Burke, Hanna Furnace Corp., Buffalo, N. Y. 
Subject—Basic Microstructures. 

Speaker--C. F. Walton, Gray Iron Founders’ Society, Cleve- 
land 
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Friday, May 23, 7:30 AM 
AUTHOR-CHAIRMAN BREAKFAST 
Friday, May 23, 9:00 AM 
Gray IRON SESSION 

Presiding—D. E. Krause, Gray Iron Research Institute, Co- 
lumbus, Ohio. 

R. W. Barker, Ford Motor Co., Cleveland. 

— B. Evans, Case Institute of Technology, Cleve- 
and. 

The Controlled-Slag Hot-Blast Cupola—D. Fleming, Foundry 
Consultant to the Textile Machinery Makers, Ltd., Oldham, 
England. Officially sponsored by the Institute of British 
Foundrymen, Deansgate, Manchester, England. 

a by—R. W. Kraft, University of Michigan, Ann 

Arbor. 

Foundry Application of the Calcium Carbide Injection Process 
—W. R. Lisobey and A. E. Tull, Air Reduction Sales Co., 
New York. 

Effect of Size of Scrap on the Tapping Temperature of the 
Cupola—N. H. Keyser, Battelle Memorial Institute, Columbus, 
Ohio; and W. L. Kann, Jr., Vice-President, Globe Abrasive 
Co., Mansfield, Ohio. 

Friday, May 23, 9:00 AM 
Dir CastINc SESSION 

Presiding—R. P. Dunn, U. S. Reduction Co., East Chicago, Ind. 
G. S. Hodgson, National Lead Co., Doehler-Jarvis Div., To- 
ledo, Ohio. 

Secretary—A. J. Prickett, Western Electric Co., Hawthorne 
Works, Chicago. 

Die and Permanent Mold Casting of Non-Ferrous Metals in 
the United Kingdom-—L. J. Brice and G. A. Broughton, 
Ministry of Supply, England. 

Aluminum Melting Practice in the Die Casting and Permanent 
Mold Fields—J. P. Moehling, The Stroman Furnace & Engi- 
neering Co., Franklin Park, IIl. 

Friday, May 23, 9:00 AM 
Brass & BRONZE SESSION 

Presiding—F. L. Riddle, H. Kramer & Co., Chicago. 

A. W. Bardeen, Ohio Brass Co., Mansfield, Ohio. 

Secretary—P. H. Ducharme, Doran Manganese Bronze Co., 
Columbian Bronze Corp., Brooklyn, N. Y. 

Brass & Bronze Research Report—Effect of Foundry Variables 
upon Porosity of 85-5-5-5 Bronze—R. A. Flinn and C. R. 
Mielke, University of Michigan, Ann Arbor. 

Occurrence and Elimination of Leakage in a Gun Metal Casting 
—M. Glassenberg, Armour Research Foundation, Chicago; 
A. H. Hesse, R. Lavin & Sons, Inc., Chicago; and W. H. 
Baer, Bureau of Ships, Navy Department, Washington, D. C. 

The Use of Oil-Bentone Sand for Higher Quality Finish in 
Brass and Bronze Castings—O. E. Johnson, H. B. Ives Co., 
New Haven, Conn. 

Friday, May 23, 9:00 AM 
HEAT TRANSFER CLINIC 

Presiding—W. K. Bock, National Malleable & Steel Castings 
Co., Cleveland. 

R. W. Ruddle, Foundry Services, Inc., Columbus, Ohio. 
Heat Transfer in the Foundry—Question and Answer Session. 
Panel—V. Paschkis, Heat & Mass Flow Analyzer Laboratory, 

Columbia University, New York; W. E. Sicha, Aluminum 

Co. of America, Cleveland; C. K. Donoho, American Cast 

Iron Pipe Co., Birmingham, Ala.; R. C. Schnay, Canada 

Iron Foundries, Ltd., Ont., Canada. 

Friday, May 23, 12:00 Noon 
Brass & BRONZE Round TaBLE LUNCHEON 

Presiding—H. L. Smith, Federated Metals Div., American Smelt- 
ing & Refining Co., Whiting, Ind. 

E. F. Tibbetts, Wollaston Brass & Aluminum Foundry, 

Inc., N. Quincy, Mass. 

Secretary—C. V. Knobeloch, R. Lavin & Sons, Chicago. 

Subject—New Developments in Copper-Base Alloy Casting 
Methods. 

Panel—Sand Molding—V. Rowell, Harry W. Dietert Co., De- 
troit; Permanent Molding—N. Birch, American Brake Shoe 
Co., St. Louis; Centrifugal Casting—N. Janco, Centrifugal 
Casting Machine Co., Tulsa, Okla. 

Friday, May 23, 12:00 Noon 

Gray AND DuctiLE Iron RounpD TABLE LUNCHEON 
Presiding—V. A. Crosby, Climax Molybdenum Co., Detroit. 

W. F. Bohm, Buick Motor Div., G. M. C., Flint, Mich. 
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Duplexing Pays at Automotive Foundry—H. A. Laforet, Pon- 
tiac Motor Co., Pontiac, Mich.; and F. J. Webbere, Re- 
search Staff, G. M. C., Detroit. 

Friday, May 23, 2:30 PM 
Die CastInG SESSION 

Presiding—R. C. Cornell, Litemetal Diecast, Inc., Jackson, Mich. 
H. S. Cagin Society of Die Casting Engineers, ‘Detroit. 

Secretary—A. Tinetti, AC Spark Plug Div., G.M.C., Flint, Mich. 

Melting Practice for Aluminum Casting Alloys-W. N. Bram- 
mer, Apex Smelting Co, Cleveland. 

Progress in Vacuum Die Casting—D. Morgenstern, Nelmore 
Mfg. Co., Euclid, Ohio. 

Experiences in Non-Ferrous Die Casting Die and Permanent 
Mold Life—G. Otto, The Maytag Co., Newton, Iowa. 


Friday, May 23, 2:30 PM 
INDUSTRIAL ENGINEERING SESSION 
Presiding—L. H. Lehmann, John Deere Van Brunt Co., Hori- 
con, Wis. 

M. T. Sell, Sterling Foundry Co., Wellington, Ohio. 
Secretary—J. A. Westover, Westover Engineers, Milwaukee. 
Introduction to Work Sampling—Motion Picture—University of 

California, Berkeley, Calif. 

Practical Application of the Work Sampling Technique—R. M. 

Keenan, International Harvester Co., Chicago. 


Friday, May 23, 2:30 PM 
Gray [RON SHOP CourRSE 
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Presiding—D. E. Matthieu, Richmond Foundry Co., Richmond, 
Va. 
W. W. Levi, Lynchburg Foundry Co., Radford, Va. 
E. J. Burke, Hanna Furnace Corp., Buffalo, N. Y. 
Subject—Relation of Mechanical Properties to Microstructures 
—S. C. Massari, American Foundrymen’s Society, Des 
Plaines, III. 


Friday, May 23, 2:30 PM 
SAND SESSION—MOLDING PROCESSES AND MATERIALS 
Presiding—E. L. Buchman, Ford Motor Co., Cleveland. 
O. J. Meyers, Reichhold Chemicals, Inc., White Plaines, 
N. Y 


Secretary—K. G. Presser, Forest City Foundries, Cleveland. 
Industrial Application of Olivine Aggregate—G. S. Schaller 
and W. A. Snyder, University of Washington, Seattle. 
Evaluation of Shell Molding Process Capability—W. C. Trucken- 
miller, C. R. Baker, and G. H. Bascom, Albion Malleable 

Iron Co, Albion, Mich. 

Report of Shell Molding Survey—N. Sheptak, The Dow Chem- 
ical Co., Midland, Mich., Report of Sand Division Com- 
mittee (8-N). 

High Temperature Properties of Shell Molds—R. A. Rabe, 
Foundry Process Development Section, G. M. C., Detroit— 
Report of Sand Division Committee (8-N ). 

Friday, May 23, 5:00 PM 
62p AFS Castincs CONGRESS AND FouNpRY SHOW 
OFFICIALLY CLOSED 





ANNUAL REPORT OF AFS GENERAL MANAGER 


( For Fiscal Year 1957-58 ) 


This report largely covers Administrative matters and Policy. 
Separate reports have been prepared by the AFS Treasurer, 
and the AFS Technical Director. 


SUMMARY OF YEAR 

(1) Membership. Total 12,880, Net Loss 460 or 3.5% from 
June 30, 1957 total of 13,340 . . . 11 Chapters achieved 
targets . . . 1,771 New Members gained . . . 2,408 
delinquent members dropped from rolls, 742 or 30.8% 
reinstated . . . Gross Dues $298,130; $11,870 below 
Budget . . . Sustaining and Company members down 
24, Personal members down 423, Junior up 28. 
Chapters. No new Chapters formed; current interest 
shown in Spokane, Wash. area . . . 8 Regionals held 
past year, 9 planned coming year . . . 107 at 1958 
Chapter Officers Conference. 
Convention & Exhibits. Attendance 12,444 plus 353 
ladies in 1958 . . . 233 total exhibitors, 90,650 sq. ft. 
sold . . . gross Exhibit revenue $360,338 . . . future 
events and exhibit frequency, being studied. 
Education. 3d Instructors Seminar, 112 present .. . 
total Apprentice Contest entries 572 . . . “Apprentice 
Training Guide” published. 
“Modern Castings.” Display advertising pages 7.1% 
below 1957-58 . . . gross revenue up 5.6%, Net Income 
$15,045 compared with $23,000 for previous year . . . 
Reader Inquiries exceeding rate of 30,000 per year, 
strong evidence of reader acceptance . . . “Transactions” 
papers now run as Bonus sections . . . AFS news now 
in separate section . . . “Modern Castings Daily” pub- 
lished at Convention. 
SH&AP. All major manuals now completed and. pub- 
lished except (scheduled 1958-59) manuals on Noise 
Control of Radiation Hazards . . . local assistance re- 
quests continued. 
Training & Research Institute. 16 courses held during 
past year, 10 courses scheduled balance of 1958 .. . 
attendance to date exemplary, some problems ahead . . . 
status of proposed Training & Research Center building. 
International Affairs. 1958 International Congress in 
Belgium . . . AFS official representatives . . . new 
European Representative of AFS. 
Buyers’ Directory. Detailed product classification com- 
pleted . . . industry reaction encouraging . . . solicitation 
of Free listings and Advertising under way. 
General Administration. By-Laws ballot . . . Regional 
Administration Meetings, held and planned . . . two 
new Technical Divisions . . . Staff changes. 


Membership 

The Society’s membership reached 12,880 or 3.5% off the 
total a year ago. AFS failed to make the over-all membership 
target of 13,700, and only 11 Chapters made their targets 
compared with 21 the two previous years. Only Region 1 ex- 
ceeded its regional target. 

As has been stated many times, the recurrent membership 
problem of AFS and its Chapters (as with many associations ) 
is not so much in gaining new members as in retaining existing 
memberships. In large part, any consistent gain in membership 
is a product of three factors: new members admitted, members 
dropped for non-payment of dues, and dropped members re- 
instated subsequently. 


Member Gains and Losses — 4 Years 
1954-55 1955-56 1956-57 1957-58 
Members Gained coos assis 6. CO 771 
Members Lost 2,119 1,037 1,304 2,231 
Net Gain or (Loss) (586) 1,523 852 (460) 
Avg. Gain or (Loss) per mo. .. (48.8) 126.9 71.0 (38.3) 
Total June 30 10,965 12,488 13,340 12,880 


In the 10-year period July 1, 1948 through June 30, 1958 
the Society made a net gain of 2,818 members. To accomplish 








this the Society gained 18,109 new members but lost 19,287 
for non-payment of dues within the prescribed 90-day period. 
Of these 19,287, 7,000 were reinstated subsequently, so that 
the net loss for non-payment of dues (excluding resignations, 
deaths, etc.) was 12,287. In other words, 67.8% of the total new 
members gained in the 10-year period 1948-1958 were lost for 
non-payment of dues. 

At the same time, it must be admitted that Society’s activities 
and standing in the industry it serves were very materially 
increased. Whether this situation reflects turnover in foundry 
personnel, loss of interest in AFS, objections to increased dues, 
or other factors, is not known. 


Membership by Regions 1957-58 


No. No. Target %Target Total Pct. Incr. 
Region Chapters Chapters Chapters Incr. (Decr.) (Decr.) 
I 15 5 33.3% 24 0.7% 


II 10 p 20.0% (60) (1.7%) 
Ill 6 é 33.3% (123) (5.3%) 
IV 10 0 0 (144) (8.1%) 
Vv 6 1 16.6% (57) (5.1%) 

47 10 21.3% (360 ) (2.9%) 








Membership Program 1958-59. A goal of 13,700, the same 
as for 1957-58, has again been established and Chapter targets 
set up. No Company and Sustaining membership “campaign” 
is planned at this time. While effort will be made to encourage 
the Chapters toward membership work, phenomenal results 
cannot be expected so long as current business conditions con- 
tinue. 


Chapters 

No new Chapters were established during the past fiscal 
year, but interest has been displayed by a group in the Spokane, 
Wash. area. No new Chapter interest has been shown in the 
Central Pennsylvania area. 

Eight Regional Conferences were sponsored by 26 regular 
and 8 Student Chapters in 1957-58 . . . and nine are planned 
by 24 regular and 8 Student Chapters in the coming year. 

The 15th Annual Chapter Officers Conference was held 
June 12-13, with a total attendance of 107 including 97 Chap- 
ter delegates representing all 47 Chapters. The entire first day 
of the conference was staged at Central Office headquarters in 
Des Plaines, with five separate and rotating Chapter workshops. 
Besides the President and Vice-President, eight National Direc- 
tors attended. 

A completely revised and rewritten Chapter Manual was 
produced in time for the Chapter Officers Conference and has 
since been sent to all Directors. 


Convention & Exhibit 

The 62nd Castings Congress and Foundry Show was held in 
Cleveland, May 19-23, with many problems sucessfully solved. 
Attendance, normally around 15,000 in Cleveland, was 12,444 
plus 353 ladies . . . a surprisingly large attendance and of 
unusually high caliber. The Society came within less than 
$1,000 of the Exhibit Income budgeted, which is rather re- 
markable in view of cancellations by 32 exhibitors. 

A number of innovations were introduced at this show, in- 
cluding two exhibitor projection theaters, a daily newspaper, 
and the giving away of three automobiles. The latter was suc- 
cessful in its stated purpose of drawing sufficient audience in to 
exhibitors in the Arena Exhibit Hall but should not be repeated 
unless similar special conditions prevail. The projection theaters 
were not eminently successful in attendance but should be con- 
tinued where possible, and so located as to be more readily 
noticeable. The “Modern Castings Daily” entailed very con- 
siderable expense but was well done and attracted a great deal 
of attention. It is doubtful that it can be sustained in future 
years on the same ambitious basis. 

To the best of our knowledge the exhibitors were satisfied 
with the audience and show results, although the cost of 
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services provided has brought some objection. All AFS facilities 
were well done and much more prominent than in recent years. 
However, results in terms of new members and _ publications 
sales at the Convention did not exceed previous years. 

During the year AFS received from three exhibitor groups 
a recommendation that the Society consider changing its pres- 
ent exhibit policy so as to stage the large Foundry Shows at 
three-year instead of two-year intervals. This matter has been 
delegated for study by an Exhibits Analysis Committee which 
is not only considering the effect on AFS finances but also 
the needs of the industry for continuous progress. 


Education 

Another successful Foundry Instructors Seminar was held 
June 19-21 at Case Institute of Technology, Cleveland, with 
Vice-President Nelson acting as co-Chairman with the Chair- 
man of the Education Division, B. L. Bevis. Attendance totaled 
112, a considerable increase over the 72 in 1957, perhaps 
proving the desirability of shifting seminar locations. The con- 
sensus of those who attended was that the program was “the 
best yet.” 

Entries in the National Apprentice Contest totaled 572, and 
nine of the Ist and 2d prize winners received awards at the 
Convention. In addition, a 1957 winner, who was unable to 
attend then, was recognized this year. The contest was held 
under new rules and regulations and went off without a hitch. 
It is still believed that when business conditions improve the 
contest can be so broadened as to attract 1,000 entries. Contest 
prizes have now been increased to $100 for lst prize, $75 for 
2d, $50 for 3d, with both the Ist and 2d prize winners in all 
contest divisions brought to the Convention. 


“Modern Castings” 

While the Board requirement that the magazine be produced 
at a net profit was fulfilled in 1957-58 (Net Income $15,045), 
final results of the magazine were disappointing. The effect of 
the recession became very evident in January as to contract 
renewals, although the April and May Convention issues held 
up well. 

Effective with the January 1958 issue, two important ed- 
itorial changes were made. The Bonus section was utilized for 
preprinting Convention papers and will be used for printing 
TRANSACTIONS papers until the bound volume becomes avail- 
able. This gives the magazine the finest technical content it is 
possible to obtain, and the step has been well received by the 
divisions. 

At the same time, a special “AFS News Section” was estab- 
lished, providing much better coverage for Chapters, divisional 
activities and all AFS functions. This also has been well 
received and now gives MopERN Castincs the finest person- 
alities coverage in the industry. 

Reader Inquiries continued at the same high level throughout 
the entire year and now run at a rate of well over 30,000 
annually. In fact, the rate of inquiries from MopERN CASTINGS 
warrants much greater advertising participation. 


SH&AP Control Program 


During the year a fourth engineering manual was published 
on Control of Welding Hazards in Foundry Operations. This 


Xill 


leaves only the manuals on Noise Abatement and Control of 
Radiation Hazards to be published, both scheduled in 1958-59. 

When these last two manuals are available the SH&AP 
program will have accomplished the remarkable job of develop- 
ing and printing five major pioneering works dealing with 
matters of Safety, Hygiene and of Air Pollution Control by our 
foundries. At the same time it does not seem generally under- 
stood by the industry that any foundry manager with engineer- 
ing knowledge at his disposal can utilize these manuals to set 
up his own foundry safety program. 

The program Director continued to give valuable counsel 
and practical aid to foundry groups during 1957-58. This 
service is available to any group of foundrymen on a non-fee 
basis, as an AFS service. The program is now sponsoring two 
courses under the T&RI training course program, and additional 
courses will be developed in the future. 

The importance of SH&AP work will by no means be dim- 
inished following publication of the five engineering manuals 
mentioned above. AFS must be the leader in broad dissemina- 
tion of developed data, individual assistance to foundrymen 
and foundry groups, and prevention of acts harmful to foundry 
interests. While some phases of the program may not be 
universally popular, they are essential to the industry’s ability 
to obtain and hold competent personnel and to stave off un- 
enlightened criticism of the industry and its operations. 


Training & Research Institute 

The Technical Director’s annual report adequately covers 
training courses presented by T&RI during the past year and 
the course program ahead. Some drop in course enrollments 
may be expected during 1958-59, especially in the non-lab- 
oratory courses. Ability of T&RI to present laboratory courses 
must, of course, be limited by available facilities. 

The tax exemption status of T&RI is still pending and is now 
in the hands of Lee, Toomey & Kent, Washington, D. C., tax 
attorneys. Until their efforts are successful, it is doubtful that 
further steps should be taken toward the proposed Training & 
Research Center building. While it is true that such a building 
probably could be constructed at this time for approximately 
15% less than previously estimated, the time does not seem 
appropriate for proceeding. 


International Affairs 

AFS will be officially represented at the 1958 International 
Foundry Congress in Belgium by Director R. R. Deas, Jr., Dr. 
A. B. Everest of the Mond Nickel Co., London, and Professor 
J. L. Leach, University of Illinois. Dr. Everest has kindly con- 
sented to act as the AFS European Representative, replacing 
Vincent Delport, deceased. The Congress will be held Sep- 
tember 29 to October 3, and we have learned that some 15 or 
20 American foundrymen will be in attendance. 

The General Manager again suggests that AFS, as an im- 
portant member of the International Committee of Foundry 
Technical Associations, should attempt to organize an American 
party for future Internationals held abroad . . . particularly 
for the 1959 International in Madrid, Spain, and the 1960 
International in Switzerland. Sizable representation at these two 
Internationals should materially assist in developing foreign 
attendance at the 1962 International which AFS is committed 


5-Year Comparative Membership Report 
As of June 30, 1954-1958, Inclusive 





June 30, 1954 


June 30, 1955 


June 30, 1956 June 30, 1957 June 30, 1958 





Sustaining Members 
Company 

Personal 

Junior 

Honorary Life 
International 


New Members, 12 Months 
Resignations 

Delinquents Dropped (} 
Removed by Death 


10,965 
1,533 2,560 2,156 1,771 


150 145 147 140 


1,014 1,005 987 983 
8,718 10,087 


10,893 10,898 
564 719 715 748 

88 97 88 93 
431 435 510 464 
12,488 13,340 12,880 


273 244 470 396 


1,607 761 775 1,666 


24 30 43 45 


(586 ) 1,523 852 (460 ) 


Net Gain (Loss) for Year 
10,917 11,882 12,357 11,959 


Members in All Chapters 








Transactions 


Breakdown of AFS Membership 
As of June 30, 1958 


Chapter Sustaining Company Personal Affiliate Associate Junior Honorary Total 
16 116 293 6 456 
6 75 ll 0 97 
21 52 89 2 166 
7 31 162 8 
28 78 230 ll 
9 42 128 
16 62 90 
19 58 116 
15 58 39 
55 186 427 
39 95 148 
14 64 34 
4 10 34 
38 138 309 
25 97 177 
9 27 58 
43 153 210 
6 46 19 
18 75 172 
1 14 25 
4 45 30 
26 123 81 
60 187 496 
19 132 128 
14 28 84 
19 52 107 
56 153 225 
9 52 59 
51 151 183 
14 52 59 
22 175 145 
16 47 126 
3 37 40 
15 26 260 
16 133 104 
39 189 134 
50 159 
95 109 
38 20 
38 124 
53 48 
91 95 
20 53 
46 13 
Western Michigan 53 161 
Western New York 73 111 
Wisconsin , 134 420 
Tora IN REGULAR CHAPTERS.... 13S { 3,750 
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STUDENT CHAPTERS 
Massachusetts Institute of Technology 
Michigan State University 
Missouri School of Mines 
Ohio State University 
Oregon State College 
Pennsylvania State University 
Polytechnic Institute of Brooklyn 
Texas A. & M. College 
University of Alabama 
University of Illinois 
University of Michigan 
University of Wisconsin 

ToTaL in STUDENT CHAPTERS.... 
ToTaL rn ALL CHAPTERS 
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to sponsor in Detroit. Only by AFS organization of American 
groups is it possible to develop adequate representation at 
Internationals abroad. 


Buyers’ Directory 

Solicitation for the approved AFS Buyers’ Directory, to be 
initially published in September 1959, is now under way. A 
very detailed classification of products has been developed by 
the staff and checked with the industry, as a result of which 
the list has been enlarged to nearly 900 primary and cross 
reference listings. This major job is being carried on by a former 
AFS employee on a fee basis, and budgets of income and ex- 
pense are believed conservative yet realistic. Judging from 
reactions, we believe that the Buyers’ Directory will be one of 
the finest things the industry has ever had available. 


General Administration 

A complete revision of the By-Laws was accomplished by 
letter ballot during the year, the results being announced at 
the Board meeting in May. The new By-Laws have now been 
printed and distributed to the membership. 

Trustees of the AFS Staff Retirement Plan are now consider- 
ing a revision of the plan in light of present conditions. The 
recommendations will not be available until some time this 
fall. 

As previously announced, the Society added a Ductile Iron 
Division and a Die Casting and Permanent Mold Division dur- 
ing the past year. Both are now developing their own pro- 
grams. In view of the fact that the number of die casting plants 
in America exceeds 1100, greater support of the Die Casting 
and Permanent Mold Division is important to AFS member- 
ship and convention and exhibit participation. 


XV 


The first Regional Administration Meetings were held during 
1957-58, and their success resulted in broadening the plan. 
Similar meetings are planned in all of the seven AFS regions 
as now established,-with National Directors, Chapter Chairmen 
and Chapter Vice-Chairmen all invited to attend. This activity 
should be of great importance in maintaining closer relations 
with the Chapters. 

During the year R. E. Betterley was employed as T&RI 
Training Supervisor, and Assistant Treasurer E. R. May was 
elected Treasurer of the Society. The full-time Central Office 
staff on June 30 totaled 41. 


Conclusions 

While operations of the Castings Industry diminished ma- 
terially during the past year, no similar decrease can be re- 
ported in AFS activities conducted by the Central Office staff. 
Neither the budgets for 1957-58 nor 1958-59 contemplate 
lessening of the services that the Society provides to the in- 
dustry. Major attention, however, must be given the financing 
of these activities and the staff to carry them out. It may not 
be generally realized that the Central Office staff has not 
materially increased in the past several years during which time 
the Society’s activities have been strongly progressed. It is, we 
believe, now short of personnel necessary to conduct fully 
and properly all projects approved. 


Respectfully submitted, 
Won. W. MALONEY 
General Manager 





ANNUAL REPORT OF AFS TREASURER 


(Fiscal Year Ended June 30, 1958) 


As a part of the Treasurer’s report, the following documents 
were forwarded to the Board of Directors for study prior to the 
Annual Board Meeting, August 7-8: 
(1) Annual Audit Report as of June 30, 1958. 
(2) Comparative statement of itemized Income & Expense, 
Budget vs. Actuals, for years 1954-55 through 1957-58. 

(3) Budgets of Income & Expense for 1958-59 and 2-year 
period 1957-59 (Included in Comparative Statement, 
above). 


SUMMARY ANALYSIS 
Comparative Statement—Income Items, 
Actual vs. Budget: 


Membership Dues ..............-$11,800. under 
“MopERN CASTINGS” under 
Publications (all) . under 
Convention & Exhibit . ay . under 
Buyers Directory 5, . under 
Income from Investments . over 

Misc. Income 400. over 


Total Income “under” Budget ................ $61,200. 


Expense Items, Actual vs. Budget: 


re ear ees | ae $24,000. under 
Burdens . over 
Publications (all) . under 
“MopERN CASTINGS” y . over 
Convention & Exhibit . over 
Chapter Expense . Over 
Technical Expense (all) . under 
T&RI . ; . under 
Buyers Directory . under 
Total Expense “under” Budget 
Net Income “under” Budget 


Conclusion 


The needs of the Industry and larger expense budgets of AFS 
continue to out-pace 2-year cash income and will disturb the 
Reserve Fund. If AFS is to continue its growth in service to 
the Industry, the Society must continue its search for and 
promotion of income-producing activities. 


Income & Expense Budgets 1958-59 


The 2-year budget established in July, 1957 being subject to 
review, a revised Income & Expense budget for 1958-59 is 
being recommended by the Finance Committee. The proposed 
2-year Excess Income of $7,979 for 1957-1959 may be com- 
pared with Actual Excess Incomes of previous 2-year periods: 


1951-1953 $126,040. 

1953-1955 47,889. 

1955-1957 41,963. 

1957-1959 7,979. 

4-Period Average 

Sufficient activity and services to every member’s interest is 
evident, including a steady growth of valuable aids for progress 
of the Industry. The question may properly be asked, however: 
will there be enough Cash on hand at the end of the 2-year 
cycle to carry AFS to the commencement of 1960 Foundry 
Show receipts (approx. November, 1959)? 

Working with the assumed 2-year Net Income recommended 
by the Finance Committee, the following estimate seems likely: 


Est. Net Income as of June 30, 1959 
Add: Cash 7/1/57 (begin. of 2 yrs.) ....$14,000. 
Non-Cash Expense—Depreciation . . 





Less: Investment Income Reinvested . . . . $40,000. 
Cash expended for previous period 30,000. 
Purchase of Fixed Assets; 

Equipment ..., $10,000. 





Building 
Reserve will be reduced 





*Possible reduction of Investment Reserve 
as recommended by Finance Committee July 21, 1958: 
Est. $34,000.— Reimbursement for Land 
19,000.— Est. 1958-59 Investment Income 
17,000.— Reduction of Assets 


Est. $70,000. 


In order to have additional Cash on Hand as of June 30, 1959 
an amount may have to be added to the above reduction with- 
drawal unless presently foreseen income items are increased or 
expense items reduced. 


Investment as of June 30, 1958 
The Auditor’s Report summarizes Income from Investments 
held in the Society’s Investment Agent Trust Account at the 
Harris Trust & Savings Bank, Chicago. The report shows the 
following Income sources: 

1957-58 1956-57 
Interest on U. S. Govt. Bonds ........ $ 882.00 $ 1,089.00 
Interest on Canadian Govt. Bonds ....$ 831.25 661.38 
Interest on Industrial Bonds :......... 7,708.82 7,952.50 
Dividends on Common Stocks 8,504.68 7,713.82 
Discount on Treasury Bills 2,031.03 152.47 

Gain (Loss) on Securities Sold (1,873.65 ) _ 
$18,084.13 $17,569.17 


A recap of the Investments held by the Society on June 30, 
1958 is as follows: 








Book Mkt. &% Incr. @ of 
Value Value or _ Total 
Cost June 30 (Decr.) (Mkt.) 


U. S. Govt. Bonds $ 12,000. $ 12,045. 0.37% 2.4% 
Canadian Govt. Bonds .... 25,000. 24,562. (1.75%) 4.9% 
Industrial Bonds .......... 215,000. 209,903. (2.37%) 41.8% 
Common Stocks 178,808. 256,081. 43.22% 50.9% 


Total $430,808 


Member Income vs. Expense 

The ability of AFS to provide and to constantly increase its 
many services to the Membership (i.e., the Castings Industry ) 
must be calculated by the Board of Directors in terms of the 
common denominator of Income and Expense per Member. If 
the incurred Expense per Member consistently exceeds realized 
Income per Member, the Society can no more maintain its scale 
of activities than could a foundry that consistently operated in 
the red. From the following table, it will be obvious that 








Transactions 


average Dues Income per Member falls far short of the Society’s 
requirements for maintaining its many services. 


Annual Income & Expense Per Member 
Average Average Excess Average 
Income Expense Inc. (Exp.) 


per Member per Member per Mem 
$79.78 
53.99 


$69.88 
59.47 
65.87 
58.90 
58.46 
50.55 


6-Yr. Average $12.10 


The above table illustrates vividly the Society’s fluctuating 
income in alternate years. It also depicts a steady downward 
trend in excess Income per Member in the even-numbered 
(Exhibit) years, and an upward trend in excess Expense per 
Member in odd-numbered (“non-Exhibit”) years. Obviously, 
the two trends cannot continue indefinitely. 

Obviously, since Member Dues alone do not finance all 
Society activities, other Income-producing activities are neces- 
sary within the objects of AFS, such as the biennial Foundry 
Show, a biennial Engineered Castings Show, and revenues 
from Mopern CastTINGcs magazine. Because of the biennial 
nature of certain revenue sources, the following table shows 
Average Income and Expense Per Member by 2-year periods, 
illustrating the very close margin on which the Society oper- 
ates today. 


2-Year Income & Expense Per Member 


Periods 1951-1953, 1953-1955, 1955-1957 
Vs. 1945-1947 


Average Average 

Income Expense 

per Member per Member per Member 
$64.54 $62.67 $1.87 
60.47 58.68 1.79 
59.33 52.79 6.54 
42.49 41.89 60 





Average 
Excess Income 





1955-1957 
1953-1955 
1951-1953 
1945-1947 


Cash and Investments, 10 Years 
(Including all AFS Funds) 


Total 
$219,590. 
348,302. 
412,718. 
628,208. 
578,681. 
691,626. 
487,980. 
576,565. 
497,558. 
592,871. 


Incr. or 
(Decr.) 


June 30 Cash 
$(65,609.) 


1949 $ 85,785. 
NL ss 8 cas es 229,497. 
1951 103,913. 
1952 297,608. 
1953 129,920. 
1954 127,053. 
1955 31,076. 
1956 115,605. 
1957 20,710. 
1958 127,573. 


__ Investments 


$133,806. 
118,806. 








88,585. 
(79,007.) 


465,298. 95,313. 


Comparative Condensed Balance Sheets 
As of June 1955 to June 1958, Inclusive (4 Years) 





ASSETS 


Cash Ae ig te eh 
Investment Securities .. 
Inventories : 
Accounts Receivable 


Deferred & Prepaid Items 


Furniture & Fixtures (net) 
Land and Buildings 


TOTAL ... 


LIABILITIES 


Current Liabilities ....... 
Fund Principals 


June 30 
1955 


June 30 
1956 





_ $ 31,075.51 


456,904.43 
52,322.67 
36,179.42 
11,153.74 
27,151.35 

277,338.88 


$115,604.32 
560,960.20 
52,217.54 
10,283.93 
8,103.29 
33,984.58 
273,101.93 


June 30 
1957 


June 30 
1958 


Incr. + 
(Decr. —) 
Over 1957 


Incr. + 
(Decr. —) 
4 Years 





$ 20,710.26 
476,848.03 
57,067.02 
13,336.47 
13,141.26 
33,325.72 
267,904.48 


$ 127,573 
465,298 
47,974 
13,647 
18,928 
34,500 
316,528 


$106,862.74 
(11,550.03) 
(9,093.02) 
310.53 
5,786.74 
1,174.28 
48,623.52 


 $ 96,497.49 


8,393.57 
(4,348.67) 
(22,532.42) 
7,774.26 
7,348.65 
39,189.12 





$892,126.00 


$954,255.79 


$882,333.24 


~ $1,024,448 


$142,114.76 


$132,322.00 





801,021.01 


$ 45,630.97 
908,624.82 


$ 43,984.17 
838,349.07 


$ 58,739 
965,709 


$ 14,754.83 
127,359.93 


$ (32,365.99) 
164,687.99 





$892,126.00 


$954,255.79 


$882,333.24 


$1,024,448 


~ $142,114.76 


$132,322.00 





Nore: Includes all Awards, Building, SH&AP, and Retirement Funds. 
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Condensed Statement of Income 
and Expense 
(All Expenses Distributed to Major Activities) 
Fiscal Years July, 1956-June, 1958 


(As Audited) 
INCOME 





Total Income 
Amount Per Cent 

Membership Dues $ 527,805. 29.9 
Publications .. " 8.0 
MopERN CASTINGS ..... 478. 348 
Conventions & Exhibit .,, 2 
Investments & Miscellaneous Income .. ; 2.1 
ToraL INCOME .. $1,763,552. 100.0 





EXPENSE 


Total Expense 
Amount Per Cent 


Membership Service ... Ape ey 99,809. 5.8 
Technical & Research ..... is 210,049. 12.3 
PR ee a aun Gales 188,993. 
MopEerRN CASTINGS be ae Ps 575,404. 
Chapter Operations rere): 195,945. 
Conventions & Exhibit ... ‘a 243,743. 
General Administration ....... 157,079. 
Safety, Hygiene & Air Pollution Control 38,255. 

ToTaL EXPENSE . .... $1,709,277. 


Excess Income, 2 Years ...... $ 54,275. 


Spoke Se 
Cle wWuUnsS 
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General Observations 


MoperNn Castrincs has been carrying its own expense the 
past several years, producing Net Income of $23,000 in 1956-57 
and $15,000 in 1957-58. The combined Conventions and Ex- 
hibits have similarly carried their own expense and developed 
Net Income as combined events. 

The expense of TRANSACTIONS, Education, SH&AP, Chapter 
activities, Publications and all Technical activities must be 
amortized by two factors: Membership Dues, and biennial 
excess income from Conventions and Exhibits. Any excess funds 
that appear are not used primarily for current activites but, it 
appears, more and more for additional services to the industry, 
three such cases being T&RI, the Engineered Castings Show, 
and the Buyers Directory. 

T&RI cannot be expected to be an income-producing activity. 
The expectation, however, is that the Engineered Castings 
Show and the Buyers Directory will eventually materialize as 
income-producing factors and develop additional excess income 
over a 2-year period. How such additional excess income may 
be used should be carefully considered lest new projects leave 
existing activities with insufficient funds. 


Respectfully submitted, 


Epw. R. May 
Treasurer 





REPORT OF AFS TECHNICAL DIRECTOR 


(Fiscal Year Ended June 30, 1958) 


The most prominent technical activities,of the Society during 
the fiscal year ending June 30, 1958, are briefly described 
herein. 


Convention Program 


In addition to the excellent exhibits in the Foundry Show, 
certainly the 62d Castings Congress can be considered a suc- 
cess. During the Congress a total of 40 technical sessions 
were scheduled as well as five shop courses and six round-table 
luncheons. A total of 106 papers were submitted, of which 
10 were rejected by the various Program & Papers Commit- 
tees, making a net of 96 papers on the program. Considering 
distracting influences of the exhibits, it was felt that the ses- 
sions were well attended and the interest in the material 
presented excellent. 

The Annual Lecture was delivered by Walter E. Remmers, 
vice-president, Union Carbide Corp., New York, on the sub- 
ject of “Silicon: Present & Future.” This lecture will be pre- 
pared and published in Mopern CastTincs. 

The Sand Division Dinner attracted a remarkably large 
group of nearly 250. Principal paper at this function was 
given by A. H. Homberger, president, American Automation 
Corp., New York, on “The Buhrer Automated Molding and 
Pouring Method,” including an interesting motion picture of 
this equipment in operation in the plant of George Fischer, 
Ltd., Schaffhausen, Switzerland. In addition, C. A. Sanders 
presented a talk on “What European Foundrymen are Doing.” 

Tentative program for the 1959 Engineered Castings Con- 
gress was approved at the meeting of the Technical Council 
held in June. Each of the Divisions has committed itself to 
acquisition of a substantial number of papers to satisfy the 
interests of design engineers and users of castings. 

For the first time this year, all papers received prior to the 
established deadline date were published in preprint form in 
the TRANSACTIONS section of MopeRN Castincs, thus making 
them available to some 18,000 readers, in addition to savings 


in the combined cost of preparing preprints and publishing 
the annual Transactions. Because of the wide distribution of 
these papers in advance of the Convention, it materially helped 
in stimulating both written and oral discussion. 

It is believed that everyone concerned is convinced that 
this procedure has been a worthwhile step and will be fol- 
lowed again for the coming year. In order to further increase 
the number of papers which can be published in preprint 
form, those attending the Technical Council meeting agreed 
to move the deadline date for receipt of papers to October 15, 
making it possible to publish a substantially greater number 
of papers in advance of the Convention. 


Publications Program 


General Publications.- Although unavoidably delayed, the 
1957 annual Transactions have been published, 2,525 copies 
printed of which 1,251 were sold on a pre-publication pre- 
paid basis. An additional 782 gratis copies were given to 
Company, Sustaining and Honorary Life members, leaving a 
balance of 492 in stock for future sales. 

Total income from the sale of TraNsactions as of June 30, 
1958 was $11,960, total production cost $21,370, leaving a 
deficit of $9,410. When the remaining inventory of these 
TRANSACTIONS is sold, a deficit of approximately $4,600 will 
remain, representing a necessary subsidy. This year’s deficit 
is again comparable with last year, resulting from an energetic 
sales campaign and careful control of production costs. 

Special Publications. It is gratifying to report, again this 
year, gross sales of $46,727 of Special Publications, from 
which must be deducted dealers’ discounts of $4,246.77, mak- 
ing net sales $42,480.72. These sales are considered exception- 
ally good in the light of practically no new publications having 
been offered this year, and reflect the direct mail sales cam- 
paign conducted throughout the year. 

During the year, the following new book was published 
and made available for sale: WELDING MANUAL — printed 750 
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copies, sold 285 copies. It is important to note that this book 
was edited and printed with our own offset presses so that 
when our present supply is exhausted we can produce addi- 
tional copies at minimum expense. 

The following publication is in process of reprinting be- 
cause inventory has been exhausted: StTaTisTiIcAL QUALITY 
ConTROL FOR Founprigs — printed 1,500. Reprinting of this 
book by the offset process is being done by an outside printer. 

New Books. The manuscript for the revised edition of the 
PATTERNMAKERS MANUAL is in our hands and book is now in 
process of editing. Publication of the revised edition has pur- 
posely been withheld for several months while we endeavored 
to dispose of remaining inventory of the present edition. 

The following books will be available in manuscript form 
sometime during the coming fiscal year: (1) RapraTIon Haz- 
Arps, (2) Moxpinc Practices & MATERIALS USED. 

Our supply of the Founpry Core Practice book is like- 
wise being depleted. A revised edition will include shell 
molding methods and materials used, such as sodium silicate 
and quick-drying core binders. 


Research Projects 


The various research projects under direction of the AFS 
Divisional Research Committees are now under sponsorship 
and administration of the Training and Research Institute. 
All are progressing in a very interesting manher. Progress re- 
ports emanating from these researches were presented during 
the 1958 Annual Convention. Because of the fact that such 
research projects are the source of new information, they are 
a continuing interest on the part of the membership as well as 
provide available material for local Chapter meetings. 

The Research Committee of the AFS Training and Research 
Institute met in Chicago on June 27 to critically review the 
requests of the several Divisions for fiscal funds for the com- 
ing year. They recommended an aggregate of $57,600 for the 
year 1958-59. Comparatively, this year’s appropriation is con- 
siderably in excess of that approved for the last fiscal year, 
due to the fact that several projects were in a state of transi- 
tion and as a consequence funds were not appropriated. 
Definite progress has been made on these projects in the 
interim and as a result the fiscal appropriation is consider- 


ably higher. 
Technical Committees 


At this time approximately 625 men officially serve on 116 
technical committees of the Society, divided into 10 technical 
Divisions and 9 General Interest committees. During the year 
the Board of Directors approved creation of two new technical 
Divisions, the Die Casting & Permanent Mold, and the Ductile 
Iron Divisions. A great deal of interest is being evidence in 
both new groups and during the coming year these Divisions 
will be completely organized and actively pursuing their pre- 
scribed courses. 
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AFS Training & Research Institute 


We are certain that most members of the Board of Directors 
are fully aware of the extensive program being prosecuted by 
the Training and Research Institute since the beginning of 
the fiscal year. Up to the present time 16 courses have been 
given in the field of Sand Testing, Sand Control for Shop 
Operations, Advanced Sand Technology, Foundry Cost Re- 
duction through Better Methods & Performance Standards, 
Cupola Melting of Iron, Melting of Copper-Base Alloys, and 
Metallography of Ferrous Metals. 

Ten more courses will be given in the remainder of this 
calendar year on the subjects of Sand Testing, Metallography 
of Non-Ferrous Metals, Cupola Melting of Iron, Sand Control 
& Technology, Patternmaking, Industrial Environment, Prod- 
uct Development, Air Pollution Control and Legislation, Ad- 
vanced Industrial Engineering, Gating & Risering of Ferrous 
Castings, and Foundry Plant Layout. 

Of the courses given to date, two courses have been jointly 
sponsored with local Chapters, the first being given at Berke- 
ley, Calif. in conjunction with the Northern California Chapter, 
the second in Hamilton, Ont. with the Ontario Chapter. Up 
to the present time, the response to these courses has been 
exceptional and in both instances where courses were given 
in cooperation with the Chapters, they have expressed a strong 
wish to jointly sponsor other courses in the near future. 

To date the AFS Training and Research Institute has taught 
a total of 590 students. Numerous complimentary letters have 
been received from the management of companies who have 
sent students to attend. Unfortunately, these activities must 
be substantially limited because of the absence of suitable 
teaching facilities and equipment. It is hoped that in the near 
future the Institute will have its own building and we will be 
in a position to undertake instruction, by actual demonstra- 
tion, unquestionably far more convincing than only by means 
of lectures. Plans are now in process to formulate courses to 
be given during the calendar year 1959. 


Technical Inquiries 
An increasing number of technical inquiries are received 
at National Headquarters both from members of the Society 
and non-members, comprising a broad range of subjects. Even 
though they are time-consuming, they are one of the best ways 
in which the Society can evidence the value of membership in 
the Society. 


Respectfully submitted, 


S. C. Massari 
Technical Director 





Minutes 
First Meeting of Board of Directors 1957-58 


Netherland Hilton Hotel, Cincinnati-May 10, 1957 


(1) Roii Cat: 
President H. W. Dietert, presiding 
Vice-President L. H. Durdin 
AFS General Manager Wm. W. Maloney 
AFS Asst. Secretary A. B. Sinnett 


Directors (Exp. 1959) 
Chas. E. Drury 
Roger W. Griswold 
Al V. Martens 
Alex W. Pirrie 
Gerald R. Rusk 


Directors (Exp. 1958) 
Curtis C. Drake 
C,. Wm. Gilchrist 
O. Jay Myers 
Chas. E. Nelson 
F. W. Shipley 
Robt. W. Trimble 


Directors (Exp. 1960) 
Wm. D. Dunn 
A. A. Hochrein 
Karl L. Landgrebe, Jr. 
Fred J. Pfarr 
John R. Russo 
Allen M. Slichter 
Henry G. Stenberg 


Absent: Directors H. C. Erskine, (exp. 1958), R. A. Oster 
(exp. 1958), H. Heaton (exp. 1959), G. P. Phillips 
(exp. 1959). 


A quorum having been established, President Dietert called 
to order this first meeting of the 1957-58 Board of Directors 
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Minutes of Board Meetings 


and invited outgoing Directors to remain and participate in the 
discussions. He then introduced the new Vice-President, L. H. 
Durdin, and each of the newly elected Directors. 


(2) Election of Regional Vice-Presidents 
The President announced that, by letter ballot of the new 
Board, the following Regional Vice-Presidents were declared 
elected for 1957-58: 


Region I O. Jay Myers 

Region II C. W. Gilchrist 
Region III — A. V. Martens 
Region IV — R. W. Trimble 
Region V — John R. Russo 


The President requested Vice-President Durdin to organize 
Regional Administration Meetings in all Regions during the 
coming year, to be attended by all Directors in their re- 
spective Regions. 


(3) Formation of the Executive Committee 
The President stated that, under the By-Laws, it was 

necessary to elect three Regional Vice-Presidents who, to- 
gether with the President, Vice-President and Immediate Past 
President, would form an Executive Committee of six mem- 
bers. He also stated that it was his intention to continue the 
practice of inviting all Regional Vice-Presidents to attend 
any meeting of the Executive Committee. Accordingly, follow- 
ing secret balloting of the Board, the 1957-58 Executive 
Committee was formed as follows: 

President Harry W. Dietert, Chairman 

Vice-President Lewis H. Durdin 

Past President Frank W. Shipley 

Regional Vice-Pres. O. Jay Myers (Reg. I) 

Regional Vice-Pres. C. W. Gilchrist (Reg. II) 

Regional Vice-Pres. A. V. Martens (Reg. III) 


(4) Appointment of N.C.C. Representatives 


The President stated that AFS, as a charter member of 
the National Castings Council, was obliged to name two 
official representatives, one of which, under rules of the 
Council, must be the incumbent President. Accordingly, on 
motion duly made, seconded and carried, Vice-President Dur- 
din was named, in additional to President Dietert, to represent 
the Society on the National Castings Council. The General 
Manager was instructed to notify the Council Secretary ac- 
cordingly. 


(5) Appointment of Board Committees 
President Dietert stated that, as empowered under the By- 
Laws, it was his desire to appoint Board and other official 
committees for the fiscal year 1957-58. On motion duly made, 
seconded and carried, appointment of the following committees 
was approved: 


FINANCE COMMITTEE (self-appointive) 


H. W. Dietert, Chairman F. W. Shipley 
L. H. Durdin Wm. W. Maloney 


BOARD OF AWARDS (self-perpetuating) 


Ed. W. Horlebein (1949-50), Collins L. Carter (1953-54) 

Chairman Frank J. Dost (1954-55) 
Walter L. Seelbach (1951-52) Bruce L. Simpson (1955-56) 
I. Richards Wagner (1952-53) 


Frank W. Shipley (1956-57) 
CHAPTER CONTACTS COMMITTEE 


L. H. Durdin, Chairman A. V. Martens — Region III 
O. J. Myers — Region I R. W. Trimble — Region IV 
C. W. Gilchrist — Region II J. R. Russo — Region V 


(All other Directors, members of Committee) 
PUBLICATIONS COMMITTEE 


C. A. Sanders, Chairman T. T. Lloyd 
B. N. Ames J. A. Rassenfoss 
D. L. Colwell 


BOARD LIAISON TO PUBLICATIONS COMMITTEE 
C. E. Nelson 


ANNUAL LECTURE COMMITTEE 


W. E. Sicha, Chairman A. L. Hunt 
H. H. Wilder B. L. Simpson 


AFS TRUSTEES TO F. E. F. 
O. Jay Myers (1956-1958 ) A. V. Martens (1957-1959) 
NATIONAL CASTINGS COUNCIL REPRESENTATIVES 


H. W. Dietert, AFS President 
L. H. Durdin, AFS Vice-President 


BOARD LIAISON TO EDUCATION DIVISION 
R. A. Oster Fred J. Pfarr 
BOARD LIAISON TO SH&AP STEERING COMMITTEE 
R. W. Griswold A. M. Slichter 
INTERNATIONAL REPRESENTATIVES 


H. W. Dietert 
Wm. W. Maloney 


Vincent Delport (Europe) 
W. A. Gibson (Australia) 


(6) Organization For Chapter Contacts 


The President requested Vice-President Durdin, as Chair- 
man of the 1957-58 Chapter Contacts Committee of the 
Board, to complete Director assignments for the year ahead. 
The following assignments were accepted by all Directors 
present, and the Secretary instructed to obtain acceptances of 
absent Directors: 


CHAPTER CONTACT ASSIGNMENTS 1957-58 
Region | 


REGIONAL VICE-PRES. O. JAY MYERS — Metropolitan, 
Brooklyn Polytech. 


Director H. C. Erskine — Pittsburgh, Canton, Penn State U. 

Director Wm. D. Dunn — Central New York, Eastern New 
York, Rochester. 

Director A. A. Hochrein — Chesapeake, Philadelphia. 

Director H. G. Stenberg — Connecticut, New England, 
M. I. T. 

Director A. W. Pirrie — Ontario, Eastern Canada. 

Director R. W. Griswold — Northeastern Pennsylvania, 
Western New York. 


Region Il 


REGIONAL VICE-PRES. C. W. GILCHRIST — Central Ohio, 

Cincinnati, Ohio State U. 

Director C. E. Drury — Central Indiana, U. of Illinois. 

Director C. E. Nelson — Saginaw, Western Michigan, Mich- 
igan State U. 

Director G. R. Rusk — Toledo, Central Michigan, Michiana. 

President H. W. Dietert — Detroit, U. of Michigan. 

Director F. J. Pfarr — Northeastern Ohio. 


Region Ill 


REGIONAL VICE-PRES. A. V. MARTENS — Central Illinois, 
Quad City. 
Director G. P. Phillips — Chicago. 
Director R. A. Oster — No. Illinois-So. Wisconsin. 
Director A. M. Slichter — Wisconsin, Twin City, U. of Wis- 
consin. 


Region IV 
REGIONAL VICE-PRES. R. W. TRIMBLE — Tri-State, Tex- 
as, Mo-Kan, Texas A. & M. College, U. of Missouri. 
Director C. C. Drake — Timberline, Corn Belt. 
Director K. L. Landgrebe — Tennessee, Mid-South, St. Louis. 
Vice-Pres. L. H. Durdin — Birmingham, U. of Alabama. 


(Mexico City Chapter — unassigned.) 


Region V 
REGIONAL VICE-PRES. J. R. RUSSO — Northern California, 
Southern California, Utah. 
Director H. Heaton — British Columbia, Washington, Ore- 
gon, Oregon State College. 





(7) Board Orientation Session 


The President stated that it was his desire to revive the 
Board Orientation Session formerly held for new Directors to 
orient them on Central Office facilities and AFS finances in 
advance of the Annual Board Meeting. He stated that such 
a session would give new Directors a clearer understanding 
of financial statements and budgets for review and approval. 
Accordingly, the President announced that a Board Orienta- 
tion Session would be held June 11 at the AFS Central Office, 
on the day preceding the Chapter Officers Conference. He 
urged all new Directors to attend both events. 


(8) Foundry Instructors Seminar 


The General Manager announced that the 2d Annual 
Foundry Instructors Seminar would be held June 20-22 at 
the Kellogg Center of Michigan State University, with Vice- 
President Durdin and Vice-Chairman of Education Division 
B. L. Bevis acting as Seminar co-chairmen. Directors were 
invited to atend at their discretion. 


(9) Death of Past Director A. M. Ondreyco 


The President announced with deep regret the untimely 
death of past AFS Director Andrew M. Ondreyco, General 
Metals Corp., Oakland, Calif., who served on the Board 1953- 


Transactions 


54. He instructed the Secretary to express the Board’s sym- 
pathy to Mrs. Ondreyco and the firm, and to spread on the 
minutes of this Board meeting an expression of respect and 
affection. 


(10) Spring 1958 Board Meeting 


Discussion was invited as to the Directors’ desires on loca- 
tion of the Board meeting to be held in February 1958. Pres- 
ident Dietert then announced that, by consensus, the Spring 
Board meeting would be held February 24-25 at Ponte Vedra, 
Florida, each day’s meeting to be scheduled 9:00 am to 1:00 
pm. He pointed out that the meeting would follow closely the 
Southeastern Regional Conference at Chattanooga, Tenn., 
February 20-21, and urged the Directors to attend if con- 
venient. 

There being no further business to be considered, the first 
meeting of the 1957-58 Board of Directors was declared 


adjourned. 


Respectfully submitted, 
Wao. W. MALONEY 
General Manager 
Approved: 
H. W. Dierert, President 
July 24, 1957 





Minutes 


Annual Meeting AFS Board of Directors 


Sherman Hotel, Chicago—Aug. 8-9, 1957 


(1) Rott Cat: 


President Harry W. Dietert, presiding 
Vice-President Lewis H. Durdin 
General Manager Wm. W. Maloney 
Asst. Secretary A. B. Sinnett 
Technical Director S. C. Massari 


Directors: 
(Terms Exp. 1958) 


Curtis C. Drake 
Harold C., Erskine 
C. Wm. Gilchrist 
O. Jay Myers 
Chas. E. Nelson 
Richard A. Oster 
Frank W. Shipley 
Robert W. Trimble 


(Terms Exp. 1959) 


Chas. E. Drury 
Roger W. Griswold 
Herbert Heaton 

Al V. Martens 
Gerald R. Rusk 


(Terms Exp. 1960) 


Wm. D. Dunn 

A. A. Hochrein 

Karl L. Landgrebe, Jr. 
Fred J. Pfarr 

John R. Russo 

Allen M. Slichter 

Henry G. Stenberg 


Absent: Garnet P. Phillips (Exp. 1959), Alexander Pirrie 
(Exp. 1959). 

A quorum having been established, President Dietert called 
the Annual meetirg of the Board of Directors to order. 


(2) Reading of Minutes 


Minutes of the meeting of the Board of Directors held in 
Cincinnati, May 7, 1957, were read and approved on mo- 
tion duly made, seconded and carried. Minutes of the Board 
of Directors meeting held in Cincinnati, May 10, 1957, were 


briefed and, on motion duly made, seconded and carried, 
were approved. 


(3) Report of the General Manager 


The General Manager’s report for the fiscal year ended 
June 30, 1957, covered Membership, Chapters, Conventions 
& Exhibits, Education, Mopern Castincs, Safety Hygiene & 
Air Pollution, Training & Research Institute, International 
Affairs, and General Administration. 

(A) Membership. During 1956-57 the Society’s membership 
continued to increase, reaching an all-time high of 13,340, 
a net gain of 852 or 6.8% above the total of 12,488 on 
June 30, 1956. 

Twenty-one Chapters reached their targets, bringing the 
total membership up to within 160 of the total year’s tar- 
get, 13,500. Targets for 1957-58 are set at 13,700. 

The General Manager discussed briefly the need for re- 
organizing the present AFS Regions in view of the addition 
of five Chapters since the original five Regions were estab- 
lished. It was agreed that a proposed Reorganization Plan 
would be presented at the scheduled Regional Administra- 
tion Meetings for discussion, reactions and recommendations. 

(B) Chapters. It was reported that the Utah Chapter, in- 
stalled last January, raised the Chapter total to 46, and a 
petition had been received from the Southern Section of 
the Chesapeake Chapter to form a Piedmont Chapter -( No. 
47) with an initial membership of 116. 

The General Manager reported that 32 regular and 9 
Student Chapters participated in 11 Regional Conferences 
during 1956-57, and that 27 regular and 8 Student Chap- 
ters have formulated plans for a total of nine Regional Con- 
ferences in 1957-58. 

The 14th Annual Chapter Officers Conference was held 
June 13-14, 1957, in Chicago, with a total attendance of 
113, including 99 Chapter delegates representing all 46 Chap- 
ters, and the 7 new AFS Directors. 

(C) Convention and Exhibit. The General Manager report- 
ed over 5,400 registered for the 6lst Castings Congress and 
lst Engineered Castings Show held in Cincinnati, May 6- 
10. Exhibitors totaled 88, occupying 18,793 sq. ft. or 64.7% 
of the total available, or an average of 213.5 sq. ft. per 
Exhibitor. 
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The General Manager presented the following recommen- 
dations for future Conventions and Exhibits: 

(1) Future Castings Congresses with Engineered Castings 
Shows should both be held in the same building. 

(2) At an Engineered Castings Show, Exhibits should not 
be closed down for the Annual Business Meeting, because 
of the specialized and largely non-member audience. 

(3) Author-Chairmen Breakfasts are highly successful and 
should be continued and more strongly emphasized. 

(4) All AFS Headquarters activities should be located in 
one central booth. 

(5) Better ways to promote membership at a Convention 
should be devised. 

New AFS Awards were presented for the first time at the 
1957 Annual Business Meeting: 4 Awards of Scientific Merit 
and 3 Service Citations. 

(D) Education. The General Manager reported the 2d 
Foundry Instructors Seminar, held June 20-22 at Michigan 
State University, was even better received than in 1956, 
although total attendance was slightly lower. It has been 
found desirable to shift the location every two years to tap 
new interest and attendance. 

Nearly 600 entered the 1957 Apprentice Contest, with four 
lst-place winners receiving their awards at the Annual Busi- 
ness Meeting. The Canadian entries, having failed to reach 
the national judging in time, were judged in a separate 
Canadian Contest declared by the President, and separate 
prizes awarded. 

The General Manager reported that the proposed Pang- 
born Scholarship fund remains in abeyance until the tax 
exempt status of the Training & Research Institute has 
been certified. 

(E) Mopern Castincs. The General Manager reported the 
magazine has been producing over 20,000 inquiries a year 
since 1955, and earned substantial excess income in the 
fiscal year 1956-57, compared with substantial excess expense 
in 1955-56. 

The job ahead is to realize and use fully all potential 
material readily available, giving the magazine editorial pres- 
tige beyond question. Much of the success can be attributed 
to the fact that the industry has now accepted MopERN 
Castincs in greater degree than formerly, as proved by read- 
er interest indicated in reader inquiries received. 

(F) Safety, Hygiene & Air Pollution. Three major engi- 
neering manuals were published in 1956-57: Dust Control 
& Ventilation, Air Pollution, and Safety. It was reported 
that several other manuals are well advanced and should 
be available in 1958. 

The Director has continued his services to local foundry 
groups during the past year, giving valuable counsel in 
air pollution problems facing them due to proposed legis- 
lative action. 

(G) Training & Research Institute. Excellent and prompt 
acceptance by the industry of the training courses spon- 
sored by the Training and Research Institute, was reported. 
For the 5 separate courses scheduled in 7 sessions during 
1957, over 300 registrations were received by August 1. 
The General Manager presented an analysis of Institute ac- 
tivities to date, emphasizing the need for early development 
of a longer range program and decision on the proposed 
Foundry Training Center building. 

(H) International Affairs. It was announced that President 
and Mrs. Dietert would serve as AFS Official Representa- 
tives at the 1957 International Foundry Congress in Stock- 
holm, August 19-25. Three AFS exchange papers have been 
scheduled: the official AFS exchange paper by President 
Dietert; a second by SH&AP Director Weber (to be pre- 
sented by the President), and a third by R. L. Olson of 
Dike-O-Seal, Inc. 

It was suggested by the General Manager that AFS, 
as an important member of the International Committee, 
should attempt more frequently to organize American parties 
for Internationals held abroad, and that this would stimulate 
foreign attendance at the 1962 International scheduled for 
Detroit. 

(I) General Administration. The General Manager stated 
the personnel budget recommended by the Finance Commit- 
tee called for 43 Staff members, compared with the A.S.T.M. 
staff of 80, and A.S.M. staff of approx. 75. He stated that 
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the recommended Staff additions would bring use of present 
office facilities to near capacity, and that provision for ex- 
pansion of AFS facilities should be considered in the event 
the proposed Training Center building is approved. 

On motion duly made, seconded and carried the report 
of the General Manager was accepted. 


(4) Report of the Treasurer 


The Treasurers report for the fiscal year ended June 30, 
1957 showed Income of $720,260, or $28,240 under the bud- 
geted $748,500 . Expense $793,463 or $28,337 under 
the budgeted $821,800 . . . Excess Expense $73,203, com- 
pared with $73,300 budgeted. Individual items of Income 
and Expense were examined in detail as audited by the 
firm of George W. Rountree & Co., Chicago. 

AFS Income sources for the two-year period 1955-1957, as 
audited: 


Membership Dues 37.1% 
Advertising 30.7% 
Conventions & Exhibits 21.4% 
Publications 7.9% 
Miscellaneous 2.9% 

100.0% 


Total income increased $195,024 or 37.13% over the com- 
parable year 1954-55, while Expense increased $147,611 or 
22.86% over the same period. It was pointed out that, while 
Income did not quite reach budgeted figures, Expenses were 
held below budget figures by an amount almost precisely 
equal to the lesser Income. 

On motion duly made, seconded and carried, the report 
of the Treasurer was accepted. 


(5) Report of the Technical Director 


The Technical Director reported over 100 active technical 
committees of the Society, and major research projects be- 
ing carried on in Brass & Bronze, Light Metals, Malleable, 
Sand, Gray Iron and Steel. Research expenditures for 1956- 
57 totaled $47,905, compared with budget of $53,000. It 
was pointed out that no AFS appropriation for Light Metals 
research at Battelle Memorial Institute would be required 
in 1957-58, since the U. S. Army Ordnance Corps has agreed 
to provide $30,000 for the project, to be carried on under 
guidance of the Light Metals Division Research Committee, 
with all findings made freely available to the AFS membership. 

The Technical Director reported remarkable success with the 
Training & Research Institute courses to date, commenting 
that interest of the students has been very high and the 
entire program is being met with enthusiasm by the industry. 
At the time of his report, 283 registrants were enrolled from 
21 states, 2 Canadian provinces and Mexico. 

A total of 2,470 copies of the 1956 TRANSACTIONS were 
published: 1,285 sold on pre-publication basis, 942 gratis 
to Company and Sustaining members, leaving a stock of 248 
for future sales. 

Special Publications sales amounted to $57,877, an increase 
of $14,383 or 25% over the previous year. The following 
books were made available during the fiscal year 1956-57. 

Cast Metals Handbook (revision ) 

Design of Die Castings (new) 

Foundry Air Pollution Manual (new) 

Recommended Safety Practices for the Protection of Work- 

ers in Foundries (new ) 

Modifications in Vertical-Gating Principles (new ) 

It was stated that a direct mail campaign was primarily 
responsible for the increase in publication sales, resulting 
in the first year when Special Publications have shown an 
operating net income ( $3,634). 


(6) Annual Reports of Board Committees 


(A) Chapter Contacts Committee. Vice-President Durdin, as 
Chairman of the 1957-58 Chapter Contacts Committee, urged 
continued efforts of the Directors in meeting their assigned 
Chapters visitations. The Central Office was requested to 
send a letter to each Chapter, suggesting an early invita- 
tion to National Directors to visit assigned Chapters. Each 
Director was urged to make a report of his contacts and 
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send a copy to the Regional Vice-President. 

(B) Committee of Exhibitors. Minutes of the Exhibitors 
Committee meeting held June 28, 1957, were read and 
attention called to the following principal discussions and 
actions taken: 

(1) The categories of exhibits for future Engineered Castings 
Shows received considerable discussion and, on motion 
duly made and seconded, the committee recommended 
to the AFS Board of Directors that the next AFS 
Engineered Castings Show be confined solely to pro- 
ducers of castings and patterns. Motion carried, one 
member dissenting, as calling for “too confined” a Show. 
The committee recommended that a questionnaire be sent 
to all exhibitors, design engineers and castings buyers 
at the 1957 Castings Show, inviting comments on results 
and suggestions for the improvement of future shows. 

(3) Rules and Regulations for the 1958 Equipment Show were 
reviewed and approved. 

(4) It was pointed out that by action of the Board of Di- 
rectors, exhibitors at AFS-sponsored exhibits henceforth 
will be required to hold membership in the Society, and 
that the 1958 Rules and Regulations would so state. 

Minutes of the Committee of Exhibitors were accepted on 
motion duly made, seconded and carried, with one excep- 
tion: recommendation concerning the 1959 Engineered Cast- 
ings Show deferred for action by the 1958-59 Board of 
Directors. 

(C) Publications Committee. Minutes of the Publications 
Committee meeting held June 6, 1957, were presented, in- 
cluding the following recommendation to the AFS Board: 

“That on the basis of progress made the past few years 
by limited promotional methods within our industry, we 
should greatly increase this type of activity and, in so 
doing, extend it to related industries, particularly those 
who are users or potential users of cast metals. It is 
felt that this activity is so important that if additional 
staff is needed by the Society, serious consideration should 
be given by the Board to acquiring such assistance. It 
is suggested that increased promotional activity may return 
to the Society a minimum income equal to the expenditure 
involved, or even in excess of publishing costs, and should 
result in increased membership. This activity would also 
promote a greater use of eastings and a better under- 
standing of cast metals.” 

On motion made, seconded and carried, the report was 
accepted, any action being deferred to consideration of bud- 
gets. 

(D) National Castings Council. Vice-President Durdin re- 
ported on a special meeting of the National Castings Coun- 
cil held August 7, 1957 to consider, at the request of the 
Chicago Museum of Science and Industry, the present status 
and future of the Museum’s operating foundry exhibit, in 
existence since 1940. Minutes of the Council meeting were 
read, indicating a consensus that the operating exhibit should 
be abandoned and replaced by static exhibits of castings 
and casting processes. 

The General Manager reviewed briefly the history of the 
Museum’s foundry exhibit, and the financial and cooperative 
support provided by AFS and the Chicago Chapter. He 
stated that this exhibit had long been one of the most 
popular in the entire Museum, as the only exhibit depicting 
an actual industrial process without simulation. He expressed 
the hope that the exhibit would not be abandoned for static 
displays. 

Following discussion, the following resolution was approved 
on motion made, seconded and unanimously carried, and 
the General Manager directed to forward the resolution to 
officials of the National Castings Council: 

“In that the operating foundry exhibit at the Chicago 
Museum of Science and Industry has been one of the 
outstanding exhibits since its installation in 1940, the Board 
of Directors of the American Foundrymen’s Society strongly 
recommends that this operating exhibit at the Museum 
be retained and improved, and that the production and 
sale of cast souvenirs be maintained as a means of sup- 
port for the exhibit.” 

(E) F.E.F. Trustees. Director Myers reported that the 
Foundry Educational Foundation is exploring the feasibility 
of 2-year college courses for possible inclusion in the cur- 
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rent F.E.F. program. It was recommended by the Board 
that a communication be sent to F.E.F. reaffirming the educa- 
tion policies of AFS. On motion made, seconded and carried, 
the Staff was so directed. 


(7) 1959 Engineered Castings Show 


The General Manager reported that arrangements were 
near completion for the 64th Castings Congress and 2d 
Engineered Castings Show, to be held at the Hotels Sher- 
man and Morrison, Chicago, April 13-17, 1959. 


(8) Metal Mold Division 


Director Nelson reported that a letter had been sent to 
all interested parties advising that AFS stood ready to create 
a technical division to encourage activity within AFS by 
the die casting and permanent mold industry. The notice 
was also sent to various interested trade papers. He stated 
that, replies received to date being predominantly in favor 
of such a division, a meeting would be scheduled this fall 
for further development. It was suggested that the name 
“Die Casting & Permanent Mold Division” be adopted. 


(9) Ductile Iron Division 


Director Gilchrist reported on progress in developing a 
new AFS Ductile Iron Division. He stated that 56 letters 
had been received to date from ductile iron foundries on a 
name for the proposed division . . . 46 preferring “Ductile 
Iron,” 6 preferring “Nodular Iron,” 5 preferring either name. 
He reported that 20 men had volunteered to serve on a 
committee to establish the division. 

It was suggested that a fall meeting be held to finalize 
a program for the division and recommend a complete pro- 
posal to the Board for approval at its next meeting. Director 
Gilchrist and Technical Director Massari were authorized to 
proceed accordingly. 


(10) Approval of Annual Audit 


Past President Shipley, as Chairman of 1956-57 Finance 
Committee, reported on 1956-57 Income and Expense and 
asked that the Board approve the Audit of Society finances 
as of June 30, 1957, as prepared by George W. Rountree 
& Co., Chicago. Approved, on motion duly made, seconded 
and carried. 

Director Shipley expressed the belief that the Society’s 
auditor should be appointed by the Board of Directors, not 
by the President, as called for in AFS By-laws, and suggest- 
ed that the matter be referred to the By-Laws Revision 
Committee. 


(11) Election of Chief Administrative Officer 


In executive session, General Manager Wm. W. Maloney 
was reelected for the fiscal year 1957-58. 


(12) Staff Salaries and Compensations 


In executive session, recommendations of the Finance Com- 
mittee for Staff salaries and compensations for the fiscal 
year 1957-58 were approved. 


(13) Budgets of Estimated Income and Expense 


Recommendations of the Finance Committee for budgets of 
estimated Income and Expense for the 2-year fiscal period 
1957-1959 were considered and specific items explained in 
detail, particularly as to 1957-58 activities. It was pointed 
out that the Society’s 2-year budget policy provides for re- 
view of the second year at the end of the first fiscal year. 

Following full discussion, budgets of estimated Income 
and Expense for the two years 1957-1959 were approved 
as a whole as recommended by the Finance Committee. 
Individual Board action was taken on the following matter: 

(a) Approved: Recommended increase in MopEeRN Cast- 
INGS advertising rates at the earliest practicable date. 

(b) Approved: Publication of a Mopern Castincs DalILy 
ing the 1958 Castings Congress & Show, to include daily 
attendance lists, other Convention-Exhibit news, and limited 
paid advertising. 

(c) Approved: Exhibit space rental fees for the 1958 Found- 
ry Show at an average of $4.00 per square foot. 
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(d) Approved: The purchase of two automobiles for dis- 
play and give-away to attract maximum attendance to the 
Arena exhibit hall. 

(e) Approved, with one dissenting vote: Development and 
publication of an AFS Buyers Dimecrory in 1959 as a 
complete directory of equipment, materials and services for 
foundry use, and including a paid advertising section. (One 
Director dissenting on the basis that data presented was 
insufficient to justify his affirmative vote. ) 


(14) Report of Trustees 


Chairman Bornstein, invited to attend the meeting in per- 
son, reported favorable Institute course results to date, stat- 
ing that it was the decision of the Trustees to meet again 
in December to initiate the 1958 program. He reflected the 
Trustees’ opinions that final decision on the proposed Found- 
ry Training Center building should be a joint responsibility 
of the AFS Board and the T&RI Trustees. 

Mr. Bornstein reported that a Building Committee of the 
Institute had visited AFS Headauarters in Des Plaines to 
investigate the availability of land for off-the-street parking 
in conjunction with the proposed Training Center Building. 
As a result, the Trustees are of the belief that additional 
land will not be required for Institute purposes, but recom- 
mended that AFS consider purchase of nearby land for 
future use of the Society or for investment purposes. 

Mr. Bornstein and the General Manager reported on their 
visit June 25 to Hagerstown, Md., to acquaint T. W. Pang- 
born with the Institute objects and purposes and the fact 
that any scholarship funds handled by AFS henceforth would 
be a responsibility of T&RI. They stated that Mr. Pangborn 
had fully approved the new alignment and had reaffirmed 
his desire to make the gift of $50,000 for scholarship pur- 
poses when T&RI becomes properly qualified for tax purposes. 


(15) Real Estate Acquisition 


The Finance Committee recommended that AFS endeavor 
to procure promptly additional property adjacent to the 
present AFS Headquarters site, realizing that all available 
land in the area may soon be developed or greatly increased 
in price due to tremendous expansion of Chicago’s North- 
west suburban area. The General Manager presented an 
up-to-date map showing the development of Chicago’s ex- 
pressway and toll road system in relation to present AFS 
property, and described the expansion of the Des Plaines 
area since 1954 and other expansions planned and underway. 

Members of the Finance Committee pointed out that Cen- 
tral Office facilities are already taxed to capacity and would 
require expansion in the future. Vice-President Durdin stated 
that purchase of adjoining land was sound, in view of ex- 
pansion in the area, from an investment standpoint alone 
in lieu of Government bonds. 

Following full discussion, motion was made and seconded, 
authorizing the Finance Committee to negotiate the pur- 
chase of the specified properties recommended, with provision 
that purchase be financed per recommendations of Harris 
Trust & Savings Bank officials. Motion carried, one Director 
dissenting in the expressed belief that the land specified 
does not meet the requirements for an AFS investment. 


(16) Approval of Resolutions 

The following resolutions required annually by banks of 
deposit for the deposit and withdrawal of Society funds and 
documents were approved on blanket motion made, second- 
ed and carried: 

RESOLVED that resolutions required by the Harris Trust 
& Savings Bank of Chicago, Illinois, and by the First Na- 
tional Bank of Des Plaines, Illinois, authorizing the withdrawal 
of Society funds, are hereby approved and the Secretary 
authorized to certify thereto. 

RESOLVED that checks for the withdrawal of funds de- 
posited in the name of the Society with depository banks, 
including all Checking accounts and Interest Savings accounts, 
and for the disposition of all Securities held in the various 
funds of the Society by the Harris Trust & Savings Bank 
of Chicago and/or the First National Bank of Des Plaines 
shall require the signature of any two of the following: 
President, Vice-President, Secretary-Treasurer, Assistant Sec- 
retary, Assistant Treasurer. 
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RESOLVED that the Secretary be authorized to main- 
tain, if deemed feasible, a Safety Deposit Box in the name 
of the Society at some convenient location for the safekeeping 
of Society docunients, and that any two of the following 
have authority to obtain access to such safety deposit box: 
President, Vice-President, Secretary-Treasurer, Assistant Sec- 
retary, Assistant Treasurer. 

RESOLVED that the Secretary be authorized to execute 
all Contracts for the administration of Society affairs, subject 
to specific approval by the Board of Directors. In the case 
of AFS-sponsored research projects approval of projects by 
the Board of Directors includes authority for the Secretary 
to execute contracts for the performance of such projects 
on a bid basis. 

RESOLVED that the Secretary be authorized to reimburse 
Travel expenses for members of the Society in attendance 
at any regularly called meeting of the Board of Directors, 
official Administrative and Special committees, and Technical 
committees, with the following exception: No expenses shall 
be paid to Directors or committee members for attendance 
at meetings held during the week of the Annual Convention 
of the Society, unless specifically authorized by the Board 
of Directors. 

RESOLVED that the Secretary be authorized to negotiate 
the compensations of necessary Staff employees below $6,000 
per year, and that Finance Committee approval be required 
on all compensations of $6,000 per year or more. 

RESOLVED that Indemnity Bonds be maintained cover- 
ing responsible financial Officers of the Society, as follows: 
Blanket Position Indemnity Bond covering all Staff members 
and including all Officers of the Society, whether compensat- 
ed or not, in the amount of $30,000 each. All premiums for 
such Indemnity Bonds to be paid by the Society. 


(17) Membership Analysis Committee 
The President appointed the following Membership Analy- 
sis Committee to continue review of the present dues struc- 
ture and to completely analyze the membership in terms of 
potentials: Chairman Durdin; Directors Martens, Griswold and 
Slichter. 


(18) Field Membership Committee 


The President appointed the following Field Membership 
Committee to review and evaluate the past two years of 
field membership work, to study the value of the activity 
and to present recommendations for its improvement and 
continuation: Chairman Durdin; Directors Langrebe, Dunn, 
Rusk; Chapter Chairmen S. F. Carter, E. C. Jeter, W. O. Mc- 
Fatridge. 


(19) By-Laws Revision Committee 

The President appointed the following By-Laws Revision 
Committee to review and present recommendations for re- 
vision of the AFS By-Laws during 1958: Chairman Shipley; 
Directors Pirrie, Nelson; Chapter Chairmen N. N. Amrhein, 
Wm. N. Fitzsimmons, J. A. Cannon, W. O. McFatridge, W. 
W. Levi. The President expressed the hope that the sched- 
uled Regional Administration Meetings might develop specific 
points for consideration by this committee. 


(20) Chicago Chapter Recommendations 


Re AFS By-Laws 
The General Manager reported that the Chicago Chapter 
had proposed, through Director Phillips, certain changes in 
the AFS By-Laws. Following discussion, it was recommend- 
ed that these proposals be referred to the By-Laws Revision 
Committee for consideration. So ordered, on motion made, 
seconded and carried. 


(21) Chairman of Retirement Trustees 


The President stated that it was necessary to elect a 
Chairman of Trustees for the AFS Retirement Trust, in view 
of the resignations of B. L. Simpson, former Chairman, and 
H. Bornstein. He suggested the election of new Trustee 
R. S. Hammond, because of the desirability of the Chairman 
being located in the Chicago area for the signing of various 
documents. The name being placed in nomination, motion 
was made and seconded that nominations be closed and 
Mr. Hammond be elected by acclamation. Carried. 
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(22) Petition for Formation of Piedmont Chapter 


The General Manager presented a petition signed by 
approx. 110 AFS members and prospective members in the 
Virginia-West Virginia-North and South Carolina area, re- 
questing Board approval of a Piedmont Chapter as the 47th 
Chapter of AFS. Director Hochrein and the General Man- 
ager reviewed steps leading up to the petition, stating that 
the group had been functioning for two years as a Section 
of the Chesapeake Chapter. Letter from the Chesapeake 
Chapter’s Board was read, offering all assistance to the new 
group. 

The General Manager stated that the petition was ren- 
dered in accordance with the by-laws, that the group had 
an initial paid membership exceeding 110, and he therefore 
recommended to the AFS Board that the Piedmont Chapter’s 
petition be approved. On motion miade, seconded and unani- 
mously carried, the petition was approved and the Secretary 
requested to send congratulations promptly to Chairman W. 
W. Levi. 


(23) Selection of 1963 Convention City 


The President presented a petition from the Northern Cali- 
fornia Chapter’s Board of Directors, inviting AFS to hold a 
technical Castings Congress in 1963 at San Francisco, in a 
new Auditorium under construction. Director Russo, support- 
ing the invitation, asked that it be extended to include an 
Engineered Castings Show as well. He reviewed briefly some 
previous unsuccessful efforts to induce AFS to hold an annual 
meeting on the West Coast and urged acceptance in view 
of the extent of Pacific Coast foundry operations. 

In response to question as to dispersion of future Conven- 
tion Cities, the General Manager presented the following 
schedule, locations starred being already approved by the 
AFS Board: 

1958—*Cleveland—Castings Congress & Equipment Show. 

wal ~ dime Congress & Engineered Castings 

Show. 
1960—* Philadelphia—Castings Congress & Equipment Show. 
1961—*Boston—Castings Congress & Engineered Castings 
Show. 

1962—* Detroit—International Foundry Congress, AFS Cast- 

ings Congress & Equipment Show. 

In response to questions, the President pointed out that, 
under existing Board policy, AFS is committed to holding 
equipment exhibits “not more frequently than every two 
years.” He also stated that, while Board policies are subject 
to change, they cannot be changed at the same Board meet- 
ing at which a revision is proposed, but must be referred 
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to an appropriate committee for appraisal, discussions, and 
recommendations to a later Board meeting. 

The President stated that specific considerations of future 
Conventions and Exhibits should be determined by those 
AFS Boards which, at proper times must make decisions 
for all Convention Commitments, and asked that the 1963 
invitation be considered as presented by Director Russo and 
the Northern California Chapter. Accordingly, on motion made, 
seconded and carried, the invitation was accepted to hold 
a Castings Congress and Engineered Castings Show at San 
Francisco in 1963. 

Director Russo thanked the Board and stated that he would 
inform the West Coast Chapters of the Board’s decision. 


(24) Appointment of 1957-58 AFS Nominating 
Committee 


The President announced that the following had been 
appointed to the 1957-58 Nominating Committee, at a meet- 
ing of the Executive Committee held August 8: 
Past President FRANK W. Suipcey (1956-57), Chairman. 
Past President Bruce L. Simpson (1955-56). 
E. W. DeutscHLANDER, Worthington Corp., Buffalo, N. Y. 
E. H. Kine, Hill & Griffith Co., Cincinnati. 
J. W. Cosre.tio, American Hoist & Derrick Co., St. Paul, 
Minn. 

A. L. Hunt, National Bearing Div., American Brake Shoe 
Co., St. Louis. 

S. D. Russect, Phoenix Iron Works, Oakland, Calif. 


(25) Death of Past President B. D. Fuller 


President Dietert announced with regret the death on 
July 5 of Past President Benjamin D. Fuller, formerly of 
Whitehead Bros. Co., and formerly Supt. of Foundries for 
Westinghouse Electric Co., Cleveland. He stated that Ben 
Fuller served as President of the Society in 1917-18. 

The Secretary was directed to express the sympathy of the 
Board to his family and associates, and to spread upon the 
minutes an expression of the Society’s highest regard and 
respect for the deceased. 

There being no further business, the meeting was de- 
clared adjourned. 


Respectfully submitted, 
Wo. W. MALONEY 
General Manager 

APPROVED: 

Harry W. Drietert, President 

November 12, 1957 
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Meeting of 1957-58 Nominating Committee 


Hotel Sherman, Chicago—December 9, 1957 


(1) Roxx Catt: 


Frank W. Shipley, Chairman, as the immediate Past Pres- 
ident of AFS, Presiding 
Bruce L. Simpson, Past President of AFS 


E. W. Deutschlander, Buffalo, N. Y.—rep. Region No. I 
E. H. King, Cincinnati, Ohio—rep. Region No. II 

J. W. Costello, St. Paul, Minn.—rep. Region No. III 

A. L. Hunt, St. Louis, Mo.—rep. Region No. IV 

S. D. Russell, Oakland, Calif.—rep. Region No. V 


(2) Nomination of President 


On motion made, seconded and unanimously carried, the 
incumbent AFS Vice-President, Lewis H. Durpin, was nomi- 
nated President of the Society for the year 1958-59. 


(3) Nomination of Vice-President 


Following submission of names of candidates and on mo- 
tion made, seconded and unanimously carried, CHARLES E. 


NeELson, Technical Director of Dow Chemical Co., Midland, 
Mich., was nominated Vice-President of the Society for the 
year 1958-59. 


(4) Nomination of Directors 


The By-Laws of the Society were read as relating to or- 
ganization of the Board of Directors and Nominating Com- 
mittee procedures. The Chairman pointed out that the Com- 
mittee was expected to name six National Directors, each for 
a term of three years commencing May 1958. 

It was stated by the Chairman that, under the AFS plan 
of regional organization, it is the intention of the By-Laws 
that each of the 18 Chapter Groups of the Society have 
constant representation on the AFS Board. He announced that 
the following Chapter Groups would require Board repre- 
sentation after May 1958: 


Region No. 2 
Chapter Group G (Central Ohio, Cincinnati). 
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Chapter Group I (Central Michigan, Saginaw Valley, West- 
ern Michigan ). 


Region No. 4 


Chapter Group N (Corn Belt, Mo-Kan, St. Louis, Timber- 
line). 

Chapter Group P ( Mexico, Texas, Tri-State) 

It was pointed out that only four Chapter Groups would 
have no representation after May 1958, and since the Nomi- 
nating Committee was authorized to nominate six new Di- 
rectors, the committee should nominate Directors to represent 
Chapter Groups G, I, N & P, and two Directors representing 
other Chapter Groups. 

Candidates submitted by the Chapters, as requested under 
the By-Laws, were presented, only 24 of the 47 eligible 
Chapters submitting candidates for consideration. Following 
submission of names, the Nominating Committee nominated 
the following AFS members to serve as National Directors 
for terms of office and representing Chapter Groups and In- 
dustrial interests as indicated: 

Chapter Group B—Piedmont Chapter 
T. W. Curry, Director of Research, Lynchburg Foundry 
Co., Lynchburg, Va.—representing Gray Iron. 

Chapter Group G—Cincinnati District Chapter 

R. R. Deas, Jr., Vice Pres. & Works Mgr., Hamilton Found- 

ry & Machine Co., Hamilton, Ohio—representing Gray Iron. 
Chapter Group I—Central Michigan Chapter 

David W. Boyd, Asst. Gen. Mgr., Engineering Castings, 

Inc., Marshall, Mich.—representing Gray Iron, Steel. 

Chapter Group L—Twin City Chapter 

H. M. Patton, Mgr. of Foundry Div., American Hoist & 

Derrick Co., St. Paul, Minn.—representing Gray Iron, Steel, 

Brass & Bronze, Aluminum, Patterns 
Chapter Group N—St. Louis District Chapter 

Webb L. Kammerer, President, Midvale Mining & Manu- 
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facturing Co., St. Louis—representing Equipment & Supplies. 
Chapter Group P—Texas Chapter 

Jake Dee, President, Dee Brass Foundry, Houston, Texas— 

representing Brass & Bronze. 


(5) General 


(a) All nominees named by the committee were contacted 
by telephone and acceptances obtained prior to ad- 
journment. It was the consensus that this procedure 
should be followed annually if possible. 

(b) The Chairman stated that all names of candidates sub- 
mitted by the Chapters, and not acted upon by the 
Nominating Committee, would be referred to the Board 
of Directors for consideration in the election by the 
Board of one additional Director, as provided in the 
By-Laws. 

It was the consensus that the Chapters should be urged 
more strongly to submit candidates for Nominating Com- 
mittee consideration and that all should be urged to 
submit several names each, preferably representing 
more than one industrial interest. 

The Chairman pointed out that additional nominations 
may be received, under the By-Laws, by written peti- 
tion signed by 200 members in good standing, such 
petitions acceptable at any time 45 days prior to the 
date of the Society’s Annual Business Meeting. Newly- 
elected Officers and Directors assume office, under the 
By-Laws, on the day following the close of the Annual 
Meeting . . . in 1958, on Saturday, May 24. 

There being no further business to be considered, the Nom- 

inating Committee was declared adjourned. 


Respectfully submitted, 
Frank W. Suipiey, Chairman 
1957-58 Nominating Committee 
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Meeting of 1957-58 Board of Awards 


Hotel Sherman, Chicago—December 10, 1957 


Roti Catt 


E. W. Horlebein, presiding 

W. L. Seelbach 

I. R. Wagner 

C. L. Carter 

F. J. Dost 

B. L. Simpson 

F. W. Shipley 

W. W. Maloney, Board of Awards Secretary 

The Chairman thanked all members of the Board of Awards 
for 100% attendance for the second consecutive year. 


New Awards 


Chairman Horlebein called attention to the several awards 
available and stated that the meeting should consider candi- 
dates for the following award classifications: 

Gold Medals. 6 medals available, maximum of 3 to be 
awarded in any one year. 

Honorary Life Membership. Now limited to retiring Pres- 
ident, Medalists and the Hoyt Memorial Lecturer; maximum 
of 5 to be awarded automatically in any one year. 

Award of Scientific Merit. Maximum of 3 to be awarded 
in any one year. 

Service Citation. Maximum of 3 to be awarded in any 
one year. 


Gold Medal Awards 


The meeting being open for recommendations, the Secre- 
tary presented a list of nominees properly submitted in 
1957 and previous years. He stated that 1957 nominations 
from the AFS technical divisions and committees were unu- 
sually meager, for the second straight year, and that several 


nominations were insufficiently supported by data as required 
in the AFS Awards Manual. 

Members of the Board of Awards presented additional nom- 
inations. After full discussion of all candidates submitted, the 
following motions were made, seconded and unanimously car- 
ried, recommending to the Board of Directors the awarding 
of Gold Medals of the Society in 1958. 

(a) To Raven A. Crark (Manager of Foundry Service, 
Electro Metallurgical Co., Div. of Union Carbide Corp., 
Cleveland) the Thomas W. Pangborn Gold Medal of AFS 
“for outstanding contributions to the Society and to the 
Ferrous Castings Industry, especially in the field of Gray 
Iron Metallurgy.” 

(b) To Howarp J. Rowe (Chief Metallurgist, Castings Div., 
Aluminum Co. of America, Pittsburgh, Pa.) the William H. 
McFadden Gold Medal of AFS “for outstanding contribu- 
tions to the Society and to the Light Metals branch of the 
Castings Industry.” 

(c) To Wimt1am W. Mavoney (General Manager-Secretary, 
American Foundrymen’s Society) the Joseph S. Seaman Gold 
Medal of AFS “for enthusiastic leadership and completely 
unselfish devotion to the Society as its Secretary and General 
Manager.” 

On motion made, seconded and carried, nominations for 
1958 Gold Medal awards were closed. 


Honorary Life Memberships 


On motion made, seconded and carried, the Board of 
Awards recommended that Honorary Life Memberships be 
awarded in 1958: 

(a) To Harry W. Dietert (Chairman of Board, Harry W. 
Dietert Co., Detroit) on completion of his present term of 
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office as President of the American Foundrymen’s Society. 

(b) To Watrer E. Remmers (Vice-President, Union Car- 
bide Corp., New York) as the Charles Edgar Hoyt Memorial 
Lecturer. 

(c) To Ravpu A. CLarK as the Thomas W. Pangborn Gold 
Medalist of 1958. 

(d) To Howarp J. Rowe as the William H. McFadden Gold 
Medalist of 1958. 

(e) To Witu1am W. Matoney as the Joseph S. Seaman Gold 
Medalist of 1958. 

On motion made,.seconded and carried, nominations for 
Honorary Life Memberships were closed. 


Awards of Scientific Merit 


The purpose of this award was again stated as: 
intended exclusively as a technical citation . . . to recog- 
nize (for example) outstanding papers, meritorious technical 
services or effort, and development of a process, method or 
engineering advancement having future possibilities.” 

The Chairman emphasized the point that granting of an 
Award of Scientific Merit has no bearing on any other 
AFS award; that such awards may be granted whenever 
a person’s accomplishments warrant such recognition; and 
that the award may be granted either before or after re- 
ceipt of a Gold Medal award, Honorary Life Membership, 
or Service Citation. 

Candidates for this award having been submitted and dis- 
cussed, motion was made, seconded and carried, recommend- 
ing that Awards of Scientific Merit of the Society be made 
in 1958: 

(a) To Mervin H. Horton (Materials Engineering Div., 
Deere & Co., Moline, Ill.) the AFS Award of Scientific 
Merit “for technological contributions over many years to the 
Gray Iron and Sand Divisions of the Society.” 

(b) To KennetH H. Priestiy (President, Vassar Electroloy 
Products, Inc., Vassar, Mich.) the AFS Award of Scientific 
Merit “for long and conscientious effort in the development 
of Gray Iron Shop Course programs at the AFS Annual 
Castings Congress.” 

(c) To FRANKLIN B. Rote (Technical Director, Albion Mal- 
leable Iron Co., Albion, Mich.) the AFS Award of Scientific 
Merit “for noteworthy contributions to the AFS Malleable Di- 
vision in furthering the technical prestige of the Society.” 

On motion made, seconded and carried, nominations for 
1958 Awards of Scientific Merit were closed. 


Service Citations 


The purpose of this award was recalled as: “. . . in- 
tended exclusively as recognition for outstanding general 
service, primarily of a non-technical nature, to the Society 
and the Castings industry.” 

The Chairman emphasized the point that granting of a 
Service Citation has no bearing on any other AFS award; 
that such citations may be granted whenever a person’s ac- 
complishments warrant such recognition; and that the award 
citation may be granted either before or after receipt of 
a Gold Medal award, Honorary Life Membership, or an 
Award of Scientific Merit. 

Candidates having been submitted and discussed, motion 
was made, seconded and carried, recommending that Service 
Citations of the Society be made in 1958: 

(a) To Frank S. Brewster (Director of Research & De- 
velopment, Brumley-Donaldson Co., Huntington Park, Calif.) 
an AFS Service Citation “for valuable service to the Society 
and the Castings Industry in the development and dissemi- 
nation of basic Sand Technology.” 

(b) To Ernest T. Kinpr (President, Kindt-Collins Co., 
Cleveland) an AFS Service Citation “for faithful and contin- 
uous service to the Society and the Patternmaking branch 
of the Castings Industry.” 

(c) To Frep G. Serine ( Metallurgist, Development & Re- 
search Div., International Nickel Co., New York) an AFS 
Service Citation “for long and conscientious service to AFS 
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and the Castings Industry in fostering Foundry Educational 
Programs at all levels.” 

On motion made, seconded and carried, the nominations 
for AFS Service Citations in 1958 were closed. 


Notifications & Presentations 


It was agreed that recipients of all 1958 awards would 
be notified, following approval by the Board of Directors, 
over the signature of the Chairman of the Board of Awards, 
and that no publicity would be given the Board of Awards 
recommendations until approved by letter ballot of the Board 
of Directors. The Secretary was requested to obtain such ap- 
proval as promptly as possible. (Nore: Approved and _ all 
acceptances received. ) 

It was agreed that Gold Medals and Life Memberships 
again would be presented at the Annual Banquet of the 
Society during the 1958 Convention; that all presentations 
would be made by the Chairman of the Board of Awards; 
and that histories of all recipients would be printed in the 
Banquet program, with each recipient receiving a leather- 
bound copy thereof. 

It was agreed that Awards of Scientific Merit and Service 
Citations again would be presented in 1958 at the Annual 
Business Meeting; that a program would be prepared for 
the meeting with histories of the recipients therein; and 
that each recipient would receive a leather-bound copy thereof. 


General 


The Secretary was requested to include minutes of the 
previous year’s Board of Awards meeting in any current 
years Awards agenda. 

Considerable discussion took place on ways and means 
of developing broader nominations of candidates to be con- 
sidered for Society awards, and for development of complete 
data thereon. The Secretary suggested that each technical 
division might be requested to name two men, both past 
Medalists, to work with assigned members of the Board 
of Awards in providing complete data on new developments 
in their respective branches of the industry, and names of 
individuals responsible for such developments. The Chairman 
and Secretary were delegated to develop a procedure, for 
approval by the Board of Awards. 

It was agreed that when candidates submitted are insuffi- 
ciently documented, the Secretary of the Board of Awards 
should send a prepared questionnaire to the source of the 
nomination, requesting full data on name, title, company, 
education, committee service, papers, publications, offices held, 
honors received, Chapter work, etc. The Secretary was re- 
quested to prepare such a questionnaire form for approval 
by the Board of Awards. It was understood that the Chair- 
man of each technical division would receive a copy of this 
questionnaire and that the matter would be discussed annually 
at the meeting of the Technical Council. 

Lists of nominees submitted in 1957 and prior years were 
studied, and the Secretary was instructed to prepare up-to- 
date lists for the 1958 Board of Awards meeting. 

It was agreed that the 1958 meeting of the Board of 
Awards would be held in Chicago on the first Tuesday in 
December following the Annual meeting of the National 
Association of Manufacturers. 

There being no further business to be considered, the meet- 
ing was adjourned. 


Respectfully submitted, 
Wo. W. Ma voney, Secretary 
AFS Board of Awards 


APPROVED: 
E. W. Horvesein, Chairman 
January 23, 1958 
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AFS Board Executive Committée 


Ponte Vedra, Fla.—February 23, 1958 


1) Rott CALt: 

Present: Harry D. Dietert, Presiding 
Lewis H. Durdin, Vice-President 
Charles E. Nelson, Vice-President elect 
Assistant Secretary: A. B. Sinnett 
Treasurer: E. R. May 
Technical Director: S$. C. Massari 

Regional Vice-Presidents 
C. W. Gilchrist (Region 2) 
A. V. Martens (Region 3) 
O. Jay Myers (Region 1) 
J. R. Russo (Region 5) 

Absent: Regional Vice-Pres. R. W. Trimble 


(2) Regional Administration Meetings 


Minutes of the five Regional Administration Meetings held 
during the year were reviewed by the Regional Vice-Presi- 
dents for their respective Regions. Ensuing discussion by 
the Committee resulted in the following unanimous recom- 
mendations: 

(a) That Regional Administration Meeting minutes be re- 
viewed by the Executive Committee for study and recom- 
mendations to the Board of Directors. 

(b) That the AFS By-Laws be revised to read: “Minutes 
and recommendations of such Regional Administration Meet- 
ings shall be considered by the Executive Committee and 
the Board of Directors of the Society.” 

(c) That Regional Administration Meetings should be held 
in conjunction with and the day before Regional Conferences 
where possible, or as called. 

(d) That the Chairman and Vice-Chairman of the Chapters 
shall be invited to Regional Administration Meetings. 

(e) That opportunity be given all Chapters to suggest top- 
ics for agenda of Regional Administration Meetings. 

(f) That all notifications of Regional Administration Meet- 
ings go to the Program Chairmen of Regional Conferences. 

(g) That a sub-committee of the Executive Committee be 
appointed to develop an individual basic agenda for each 
of the Regional Administration Meetings. 

(h) That Regional Administration Meeting Minutes should 
go back to the Chapter Chairmen and Vice-Chairmen within 
one month, the Minutes being approved or corrected by 
Regional Vice-Presidents within 14 days after receipt. 


(3) Regional Re-Organization 

The Executive Committee thoroughly investigated the possi- 
bilities of including the Pittsburgh Chapter in Region 3 as 
well as the Toledo Chapter in Region 4 under a proposed 
re-organizational plan. However, after a thorough study, in- 
cluding an equitable balance of memberships of the Regions 
and Chapter Groups, the Executive Committee made the 
following unanimous recommendation: That the Board of Di- 
rectors accept the Regional Re-organizational Plan as submitted, 
calling for Regions of AFS. 


(4) Penn State Regional 


Concern was expressed by members of the Executive Com- 


mittee as to the part that AFS should play in Penn State 
Regionals, in future years. It was the consensus that the 
AFS Chapters in the area be urged to develop greater 
participation and cooperation in the planning of the Penn 
State Regional, for the benefit of the foundrymen in the 
area. The staff was instructed to contact Penn State as to 
plans for 1958. 


(5) Regional Conference Assistance 


Chapters attending Regional Administration meetings had 
requested that a member of the Central Office staff be avail- 
able for consultation on an advisory basis at the time of 
planning Regional Conferences. It was the consensus of the 
Executive Committee that this service should be available 
from the Central Office and that, in addition to the original 
offer of such service, six months prior to each Regional 
Conference a letter should go to each Conference Chairman 
offering further staff assistance and planning. 


(6) Chapter Management Meetings 


It was the consensus of the Executive Committee, due to 
the absolute necessity for management support of activities 
of the Society and the Chapters, that the management meet- 
ings be continued and encouraged wherever possible and 
through all available publicity to the Chapters and by the 
Chapters. 


(7) National Liability Policy 


It was brought to the attention of the Executive Committee 
that the Society should investigate the possibility of a national 
liability policy covering Chapter members, speakers, picnics 
and parties. Director Martens and Asst. Secretary Sinnett 
were named to investigate the possibility and report back 
to the Board. 


(8) Revolving Chapter Trophy 


The Education Division of the Society proposed a “re- 
volving trophy” among the Chapters for outstanding Educa- 
tional activity. The Asst. Secretary reported on findings de- 
veloped from a study of the National Association of Cost 
Accountants trophy program. It was the consensus of the 
Executive Committee that further study be given the prob- 
lem, due to the evident detail involved. 

There being no further business, the meeting was declared 
adjourned. 


Respectfully submitted, 
A. B. SINNET 
Assistant Secretary 


Approyed: 
Harry W. Diretert, Chairman. 
March 13, 1958 
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Minutes 


Meeting AFS Board of Directors 


Ponte Vedra Beach, Fla.—February 24-25, 1958 


(1) Rott CALL: 


President ‘Harry W. Dietert, presiding 
Vice-President Lewis H. Durdin 

Asst. Secretary A. B. Sinnett 

Treasurer E. R. May 

Technical Director S. C. Massari 


Directors (exp. 1958 ) 
Curtis C. Drake 
Harold C. Erskine 
C. William Gilchrist 
O. Jay Myers 
Charles E. Nelson 


Directors (exp. 1959) 
Charles E. Drury 
Herbert Heaton 
Al V. Martens 
Gerald R. Rusk 


Directors (exp. 1960) 
Wm. D. Dunn 
A. A. Hochrein 
Kari L. Landgrebe, Jr. 
Fred J. Pfarr 
John R. Russo 
Allen M. Slichter 


Absent: R. A. Oster (exp. 1958), F. W. Shipley (exp. 1958), 
R. W. Trimble (exp. 1958), R. W. Griswold (exp. 1959). G. P. 
Phillips (exp. 1959), A. Pirrie (exp. 1959), H. G. Stenberg 
(exp. 1960), Wm. W. Maloney, General Manager-Secretary. 


A quorum having been established, President Dietert called 
the meeting of the Board of Directors to order. 


(2) Reading of Minutes 


Minutes of the Executive Committee meeting held Febru- 
ary 23 were read and on motion made, seconded and car- 
ried, were approved. Minutes of the Executive Committee 
meeting held Aug. 6, 1957, and the Board of Directors 
meeting held Aug. 7-8, were approved by letter ballot of 
the Board. It was also announced that recommendations of 
the Board of Awards for recognitions at the 1958 Convention 
had been approved by letter ballot of the Board of Directors. 


(3) Report of the General Manager 


The General Manager’s report for the 6 month period, 
July 1-Dec. 31, 1957, covered general Society activities. 

(a) Membership. The General Manager reported member- 
ships of 13,200, a net loss of 140 or 1.05% from the 13,340 
total on June 30, 1957. 

(b) Chapters. Regional Administration meetings were held in 
all 5 Regions; Buffalo, Cleveland, Chicago, Rolla, Mos., and 
Vancouver, B. C. Representation at all the meetings was excel- 
lent in view of their being held for the first time, all being 
attended by the President or Vice-President and four by the 
General Manager. These meetings have been received with 
great appreciation by the Chapters. 

(c) Convention and Exhibit. The General Manager report- 
ed that the 1958 Exhibit is well advanced and an outstand- 
ing Show assured, occupying all Halls in the Cleveland Au- 
ditorium. The new rule that only AFS Members can exhibit 
at AFS Shows is being enforced this year. A number of 
new Personal and Company members thus have been gained 
and also, as expected, several companies have declined the 
1958 Show as objection to this rule. By 1960 it should be 
well accepted; to help, large posters have been prepared 
for Company and Sustaining members to display in booths. 

The General Manager reported that AFS has been asked 
to cooperate, without cost, in a TV program on Sunday, 
May 18, sponsored by North American Van Lines as a tribute 


to the Castings Industry and the 62d Castings Congress and 
Foundry Show. 

(d) Mopern Castincs. The Magazine continues to show 
strong reader interest with over 2,800 inquiries for the Novem- 
ber issue in addition to 2,617 inquiries from December, 
2,969 from January, 3,253 from February . . . avge. 2,910 
per month, or at the phenomenal rate (projected) of 34,920 
per year, orders for 5,500 reprints and tear sheets. Nearly 
80% of the November inquiries were mainly from the three 
foundry reading classes in which advertisers are most inter- 
ested; management, production control, and process control. 

(e) Special Publications. A compact, inexpensive publica- 
tion display case has been developed for Chapter use and 
will be given Chapters free on purchase of $150 of books 
for display. 

(f) Education and Training. It was reported that the ac- 
tivities of Education and Training are now split between 
the American Foundrymen’s Society and the Training and 
Research Institute. AFS activities include Apprentice Con- 
tests, Chapter Educational activities, Educational Literature, 
and Publicaions. T&RI activities include Training Courses, 
Foundry Instructors Seminar, and Scholarships. 

Two new Educational pamphlets are being developed by 
the Education Division and are currently in process, one a 
pamphlet on “Apprentice Training—How To Do It”, now 
available; the other a “Secondary Guide to Cast Metals In- 
struction,” for high school teachers. The 3rd Annual Foundry 
Instructors Seminar is scheduled June 19-21 at Case Institute 
of Technology, Cleveland. 

(g) The General Manager reported that following Board ap- 
provals in August and December, four parcels of land involved 
in that action have now been purchased. 

(h) Buyers Directory. It was reported that the Buyers Di- 
rectory is now being handled on a flat-fee basis by Curtis 
G. Fuller, formerly Managing Director of MopeRN CasTINcs. 
Nearly 750 Product Classifications have been developed by 
Fuller and 5 Staff members. The Directory’s first publication 
to appear in September, 1959. 

On motion made, seconded and carried, the General Man- 
ager’s report was accepted 


(4) Report of the Treasurer 


The Treasurer reported Actual Income of $746,792 for the 
7-month period July 1, 1957 to Jan. 31, 1958, compared 
with $738,062 forecast; Actual Expense $431,194, compared 
with forecast $459,462; $315,598 Excess Income for the 
7-month period, compared with $278,600 forecast. It was 
pointed out that the General Fund Principal amounts to 
$1,126,988.00, compared with $809,052.00 one year ago. 

On motion duly made, seconded and carried, the Treas- 
urer’s report was approved. 


(5) Report of the Technical Director 


(a) Convention Program. The Technical Director reported 
that from papers approved and still forthcoming, AFS should 
have an excellent Technical Program during the 1958 Conven- 
tion in Cleveland with 80-100 technical papers. 

(b) General Publications. Due to a shortage of personnel 
and the necessity for publishing a large number of preprints 
for the coming Convention, the 1957 Transactions will not 
be available before April 1. 

(c) Special Publications. The Technical Director reported 
that for the period of July 1-Nov. 30, 1957, sales of Special 
Publications reached $16,554 compared with $13,350 in 
the same period a year ago. This increase in Publications 
sales is due primarily to a direct mail solicitation campaign. 
Because of excellent results, it has been agreed to continue 
direct mail selling efforts. 

(d) Research Projects. The Technical Director reported all 
projects continuing as contracted. For the Convention, the 
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Gray Iron Division, Brass & Bronze Division and the Sand 
Research Committee would present progress reports. A new 
project of the Malleable Research Committee is going into 
effect at the University of Wisconsin. 

(e) Technical Committees. At the present time over 100 
Technical Committees of the Society are at work on specific 
projects. Two new Divisions recently created—Die Casting 
& Permanent Mold Division, and Ductile Iron Division— 
are moving forward in their programs for Convention, Re- 
search and Committee activities. 

(f) SH&AP Activities. The Technical Director reported two 
manuals published in 1957: “Safe Practice Manual for Weld- 
ing, Cutting and Similar Operations,” and “Recommended 
Safe Practices for Protection of Workers in the Foundries”. 
In cooperation with the Northern Illinois-Southern Wisconsin 
Chapter, a Safety, Hygiene & Air Pollution Control Seminar 
was conducted, similar courses being developed for T&RI 
presentation. 

During the period July 1-Jan. 31, a continuing consulta- 
tion service was rendered by the Director of the program 
through the Chapters. He was able to accomplish a marked 
tempering of the air pollution ordinances enacted in Chicago, 
Vancouver, B. C., and Portland, Ore. The Director continues 
to make a circuit of Chapter talks on air pollution legislation, 
of serious concern in many areas of the United States. 

On motion duly made, seconded and carried, the Board 
directed the Technical Director to appoint a committee from 
the Technical Divisions for the study and preparation of a 
book on the use of castings. It was the consensus of the 
entire Board that such a pamphlet or booklet should be 
developed for mass circulation to designers, purchasers, and 
users of castings. 


(6) Chapter Contacts Committee 


Vice-President Durdin, as Chairman of the 1957-58 Chap- 
ter Contacts Committee, urged continued efforts of the Direc- 
tors in making their assigned Chapter visitations. It was 
mentioned that the Regional Administration Meetings, while 
definitely serving the Chapters directly, do not complete 
the necessary contacts with the Chapters and that the Di- 
rectors should make every effort to complete their contacts 
as soon as possible. 


(7) National Castings Council 


President Dietert reported no activity by the National 
Castings Council since meeting of Aug. 7, 1957. Minutes of 
that meeting were briefed, recommending that the operating 
exhibit at the Museum of Science and Industry in Chicago 
be discontinued and a static dist ay be developed in lieu 
of the present operating exhibit. 

The Board was reminded of the recommendation by AFS 
to retain and rehabilitate’ the present operating exhibit. On 
motion made, seconded and carried, the Board directed that 
a study be made of the exhibit by the Chicago Chapter 
for a report to the AFS Board at a later date. 


(8) Report of the F.E.F. Trustees 


Director Martens’ reported on an F.E.F. committee study of 
technical institute programs as a future F-.E.F. activity. 
On the basis of observations made by the committee follow- 
ing visits to three institutions, the committee recommended 
that technical institutes offer an excellent source of techni- 
cally trained personnel for many operations in foundries, 
and that the Trustees of F.E.F. should authorize development 
of a program of mutual cooperation with technical institutes 
on a long-term basis. 

It was reported that the action of the F.E.F. Trustees 
concerning a proposal to consolidate the educational efforts 
of AFS and F.E.F., both continuing on the same basis as 
outlined in the policies of the two organizations, had result- 
ed in a unanimous vote of the F.E.F. Trustees that the two 
programs continue separately as in the past. 


(9) Regional Administration Meetings 


Vice-president Durdin reported on Regional Administration 
Meetings held in 1957-58. Follcwing considerable discussion, 
the following recommendations were approved for the contin- 
uation of these meetings: 
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(1) Regional Administration Meetings should be held in con- 
junction with and the day before Regional Conferences where 
possible. 

(2) The Chairmen and Vice-Chairmen of Chapters should 
be invited to future Regional Administration Meetings. 

(3) All minutes of Regional Administration Meetings should 
be sent to the Program Chairmen of Regional Conferences 
to help in programming both Regional Conferences and Ad- 
ministration Meetings. 

(4) A sub-committee of the Executive Committee should 
be appointed to develop basic agenda for each Regional Ad- 
ministration Meeting. 

(5) All Chapters should be given the opportunity to develop 
topics for the agenda of their respective Regional Adminis- 
tration Meetings. 

(6) Minutes of Regional Administration Meetings should be 
mailed to the Chapters within one month after held; minutes 
to be approved by Regional Vice-Presidents within 14 days 
after receipt. 

(7) All minutes of Regional Administration Meetings should 
be reviewed by the Executive Committee for study and 
recommendations to the Board. 


(10) Approval of Ductile Iron Division 
President Dietert stated that formal Board approval of the 
Ductile Iron Division was required. On motion duly made, 
seconded and carried, the Board approved the formation of 
a Ductile Iron Division within the policies of the Society. 


(11) Die Casting & Permanent Mold Division 

Director Nelson and the Technical Director reported that 
the Die Casting & Permanent Mold Division was progressing 
with its technical program, and had developed many papers 
of considerable interest for the 1958 Convention. 


(12) Purchase of Adjoining Properties 
Treasurer May reported final procurement of properties ad- 
joining the AFS Headquarters site, providing necessary areas 
for possible future expansion of Society activities. 


(13) Proposed Regional Reorganization 


Assistant Secretary Sinnett outlined the need for a Regional 
reorganization of the Society, due to the addition of four 
Chapters since 1953, resulting in an inequitable distribution 
of Chapters and membership for efficient administration. A 
Regional reorganization is appropriate at this time, he said, 
because of the By-Laws revision. 

Discussion centered about the setting up of 6 or 7 Re- 
gions instead of the present 5, still maintaining the 18 Chap- 
ter Groups with constant representation on the Board of 
Directors. It was pointed out that the new Regional reorgani- 
zation plan would provide for two additional Regions and 
Regional Vice-Presidents to serve on the Executive Committee. 

On motion duly made, seconded and carried, the Board of 
Directors accepted the Regional Reorganization Plan calling 
for 7 Regions, as proposed. 


(14) Approval of By-Laws Revision 


The Assistant Secretary reviewed the By-Laws amendments 
as recommended by the By-Laws Committee and the Execu- 
tive Committee of the Society. These recommendations were 
thoroughly discussed and upon consensus of the Board each 
Article of the By-Laws was considered, discussed, and ap- 
proved either as proposed or with minor changes. 

As a result of this procedure the following changes were 
made to the Articles mentioned: 

Article I—No corrections, approved. 

Article II—No corrections, approved. 

Article III—No corrections, approved. 

Article IV—No corrections, approved. 

Article V—No corrections, approved. 

Article VI—No corrections, approved. 

Article VII, Section 5—the last sentence to read as follows: 

“Minutes and recommendations of such Regional Adminis- 

tration Meetings shall be considered by the Executive Com- 

mittee and the Board of Directors of the Society.” 

Article VIII, Section 2—change last sentence to read: “A 

majority of members of the Executive Committee shall con- 

stitute a quorum.” 
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Article VIII, Section 6(a)—second sentence to read: “The 

Technical Council shall meet annually or upon call of the 

Chairman or the President, for the purpose of developing 

and coordinating the technical activities of the Society.” 

Article IX—No corrections, approved. 

Article X—No corrections, approved. 

Article XI, Sec. 1—first sentence of this Section changed 

to read: “Each Chapter not currently represented on the 

Board of Directors of the Society, or where a_ single 

Chapter constitutes a Chapter Group and is again eligible 

for a new Director, shall select annually two candidates 

best qualified to serve on a national Nominating Committee 

and representing at least two of the Society’s major tech- 

nical-divisional interests.” 

Sec. 8—following was deleted from the last sentence: “or 

may select other candidates from the Chapter’s member- 

ship in providing for adequate representation of Society 

interests.” 

Article XII, Sec. 6—first sentence changed to read: “Follow- 

ing nomination or election, if a Director shall move his 

residence from the Chapter Group which he has been 

selected to represent, such Director shall be declared ex- 

officio by the Board of Directors and the President and or 

Secretary shall be empowered to notify the Director thereof.” 

Article XIII—No corrections, approved. 

Article XIV—No corrections, approved. 

Article XV—No corrections, approved. 

Article XVI—No corrections, approved. 

Article XVII—No corrections, approved. 

Article XVIII—No corrections, approved. 

Article XIX, Sec. 1—changed to read: “Organization of Stu- 

dent Chapters may be authorized by the Board of Directors 

at accredited educational institutions within the confines of 

continental North America” . . . 

Article XX—No corrections, approved. 

Article XXI—No corrections, approved. 

Article XXII—No corrections, approved. 

Article XXIII—No corrections, approved. 

On motion duly made, seconded and carried the revision 
of the Society’s By-Laws were approved as revised. 


(15) Training and Research Institute 


Chairman Bornstein of the T&RI Trustees briefed the 
first annual report of the AFS Training and Research Insti- 
tute as submitted to the Directors Jan. 30, 1958. He com- 
mented that the Trustees were very pleased with the re- 
sults of the trial Courses held in 1957, that they indicated 
that industry recognizes the need for foundry education 
at the supervisory level and is willing to support it. A brief 
analysis of registrants was presented, showing that the aver- 
age number of miles traveled by each student exceeded 
800. The Trustees concluded people would come to a central 
location to attend the courses offered. The Trustees therefore 
were in complete agreement, the Chairman stated, that the 
Headquarters location at Des Plaines is a suitable location 
for the T&RI Building. 

Director Massari reported T&RI excess income of $5,000. 
He further noted that this does not consider many normal 
operating items should the Institute have its own building 
and operate as a complete entity of the Society. The Director 
stated that the tuition fees were set quite low in comparison 
with courses of similar nature, such as those sponsored by 
Marquette University and the American Management Asso- 
ciation. 

Chairman Bornstein reviewed minutes of Dec. 11, 1957 
meeting of the Trustees, and recommendations to the Board 
of Directors. He stated that on motion made, seconded, and 
unanimously carried the Institute Trustees recommended that 
the AFS Board of Directors now consider proceeding with 
construction of the proposed Foundry Training Center build- 
ing. The Chairman expressed appreciation for the help given 
T&RI by the AFS Staff and thanked the Board for its 
active cooperation. 

On motion duly made, seconded and carried the first an- 
nual report of the AFS Training and Research Institute was 
accepted. 

(a) Board Action on Recommendation of Trustees. Follow- 
ing discussion of the T&RI report, the Board requested a 
projected program of courses be prepared covering the next 
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five years. Directors Oster, Slichter, Erskine, and Director 
Massari were named as a committee to develop the 5-year 
projection. 

On motion duly made, seconded and carried the Board 
requested more precise information on actual cost of the 
T&RI Building at the present Headquarters site and financ- 
ing methods, and that future Institute programming be devel- 
oped as a Board directive in three stages, as follows: 

(1) Staff authority to develop bids on the building. 

(2) Staff and Committee to develop further programming. 

(3) Staff to develop financing methods with Finance Com- 

mittee. 

(b) Resolution on Honorary Trustee. President Dietert re- 
ported on a suggestion providing an Honorary Trustee of 
the Training and Research Institute for recognizing distin- 
guished contributions to the purposes of the Institute. The 
following resolution was offered: 


Resolved that the office of Honorary Trustee of the AFS 
Training and Research Institute be created by the Society 
for the express purpose of permanently recognizing dis- 
tinguished contributions to the purposes of the Institute 
and that the office be filled on occasions through election 
by the Board of Directors on recommendation of the In- 
stitute Trustees. 


On motion duly made, seconded and carried the Board 
approved the resolution making provision of an Honorary 
Trustee of the T&RI. 


(16) Resolution of Finance Committee 


President Dietert reported his desire to formulate a more 
definite policy concerning actions of the Society affecting 
the AFS Investment Trust Fund. He recommended that such 
directives should stipulate that the Harris Trust be notified 
by letter that any instructions concerning the Fund must be 
approved unanimously by the Finance Committee, that the 
Secretary be authorized to present the Finance Committee’s 
resolutions to the Bank in the interest of time saving, and 
that such resolutions should be followed by a letter signed 
by all members of the Finance Committee: After discussion, 
the following resolution was moved, seconded and carried: 


Resolved that actions concerning the AFS Investment 
Trust Fund may be made by the Treasurer accompanied 
by letter of confirmation bearing the signatures of all 
members of the Finance Committee, but that in the 
case of unavailability of any Committee member, four 
members may confirm such action. 


(17) Selection of Auditor 


The President pointed out that, in accordance with the By- 
Laws, it is an order of business that the Board of Directors 
name an Auditor for the fiscal year ending June 30, 1958. 
On motion duly made, seconded and carried the George V. 
Rountree Co., Chicago, was named as Auditors for the fiscal 
year 1957-58. 


(18) AFS Representation on F.E.F. 


President Dietert pointed out the necessity of appointing 
an AFS Director as Trustee of F.E.F. for the period 1958- 
1960, to serve with Director Martens (Trustee 1957-1959), 
the term of Director Myers as a Trustee expiring March 
1958. On motion duly made, seconded and unanimously 
carried, Director W. D. Dunn was appointed as the second 
F.E.F. Trustee. 


(19) Election of Director for 3-Year Term 


President Dietert pointed out that, under the by-laws, the 
Board having the obligation to elect one National Director 
annually for a 3-year term, he had appointed a Board Nom- 
inating Committee comprising Vice-President Durdin as Chair- 
man, and Directors Nelson and Myers. Chairman Durdin pre- 
sented in nomination the name of Clyde A. Sanders, Vice- 
President of American Colloid Co., Chicago. 

On motion made, seconded and unanimously carried, nomi- 
nations were declared closed and Mr. Sanders was unani- 
mously elected a Director for the term 1958-1961. 
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(20) Election of T&RI Trustee 


President Dietert stated that the enabling resolution of 
T&RI provides for Board election of one Trustee annually 
for a 4-year term, nominations for such office to be made 
by the Board Nominating Committee. Chairman Durdin pre- 
sented in nomination the name of R. A. Oster, Director of 
Beloit Adult and Vocational School, Beloit, Wis., to replace 
Trustee G. H. Clamer whose term expires May 1958. 

On motion made, seconded and unanimously carried, nomi- 
nations were declared closed and Director Oster unanimously 
elected an Institute Trustee for the term 1958-1962. 


(21) Status of AFS Student Chapters 


President Dietert reported that the AFS Student Chapter 
at Massachusets Institute of Technology has now been con- 
solidated into a single Student Metallurgical Society. It was 
further pointed out that although this consolidation has taken 
place on the Campus at M.I.T., two industrial advisors will 
be retained for the AFS Group and a minimum of three 
programs a year will be devoted entirely to the Cast Metals 
industry. 

It was reported that the percentage of refunds of dues 
to the Student Chapters was $2.87 from A.S.M. and 50c from 
A.LM.E., with $2.00 of the total of $4.50 membership fee 
in a Student Metallurgical Society going to the initiation fee 
of AI.M.E. upon becoming professional members. It was 
recommended that AFS not change their dues refund struc- 
ture for Student Chapters and that they retain the pres- 
ent Chapter intact. It was pointed out in a letter from Pro- 
fessor Taylor that the AFS Student Group is by far the 
most active on the campus and there is every reason to be- 
lieve that AFS will continue as the major student technical 
society. 


(22) Frequency of AFS Exhibits 


President Dietert presented a resolution received from the 
Foundry Equipment Manufacturers Association requesting the 
AFS Board of Directors to consider holding the Foundry 
(Equipment) Show every three years instead of every two 
years. The resolution stated that F.E.M.A. realizes the exist- 
ence of AFS Commitments through 1960, but was requesting 
the Society to study the possibility of holding the Foundry 
Show every three years thereafter. On motion duly made, 
seconded and carried, the Board directed the Staff to make 
a thorough analysis of the entire Exhibit question for re- 
port to the Annual Board Meeting in August. 


(24) Regional Vice-Presidents 1958-59 


Vice-President Durdin stated that it was desirable to or- 
ganize the Board for the new fiscal year at the time of the 
Board meeting held during the Convention. He stated that se- 
lection of Regional Vice-Presidents again would be on the 
recommendations of the Directors within their respective 
Regions. Accordingly, he requested all present Regional Vice- 
Presidents to contact both hold-over and incoming Directors 
for such recommendations, for elections at the next Board 
meeting. 

There being no further business to be considered, the 
Board meeting was declared adjourned. 


Respectfully submitted, 
A. B. SINNETT 
Assistant Secretary 


Approved: 
H. W. Drerert 
May 12, 1958 





Minutes 


Final Meeting of AFS Board of Directors 1957-58 


Hotel Statler, Cleveland—May 20, 1958 


(1) Roxx CALL: 


President H. W. Dietert, presiding 
Vice-President L. H. Durdin 

Wm. W. Maloney, General Manager — Secretary 
S. C. Massari, Technical Director 

E. R. May, Treasurer 

A. B. Sinnett, Asst. Secretary 


Directors (Exp. 1958) Directors (Exp. 1960) 
C. C. Drake W. D. Dunn 
C. W. Gilchrist A. A. Hochrein 
O. J. Myers K. L. Landgrebe, Jr. 
C. E. Nelson F. J. Pfarr 
F. W. Shipley J. R. Russo 
R. W. Thimble A. M. Slichter 
H. C. Erskine H. G. Stenberg 


Directors (Exp. 1959) Incoming Directors (Exp. 1961) 
C., E. Drury D. W. Boyd 
R. W. Griswold T. W. Curry 
A. V. Martens R. R. Deas, Jr. 
A. W. Pirrie J. Dee 
G. R. Rusk W. L. Kammerer 
H. M. Patton 
C. A. Sanders 


Absent: Directors R. A. Oster (exp. 1958), H. Heaton (exp. 
1959), G. P. Phillips (exp. 1959). 


(2) Reading and Approval of Minutes 


President Dietert welcomed the newly elected Directors of 
the Society and invited all to participate freely in the Board 


discussions. He commented particularly on the 100% attend- 
ance of the seven new members of the Board. 

A quorum having been established, minutes of the Execu- 
tive Committee meeting held February 23, 1958, were read 
and approved on motion duly made, seconded and carried. 
Minutes of the Board of Directors meeting held February 
24-25, 1958 were read and approved on motion duly made, 
seconded and carried, with the following corrections: (a) In 
reference to the M. I. T. Student Chapter, there will be one 
Industrial Advisor rather than two. (b) T&RI recommenda- 
tion re Honorary Trustees was approved to permit election 
of more than one Honorary Trustee. 


(3) Report of the General Manager 


Membership on April 30 was 12,996 or 344 below the 
active membership total of June, 1957, or 704 below the 
fiscal year “Target” 13,700. Seventeen Chapters made their 
individual year’s goals. Members dropped for non-payment 
of dues totaled 1,988, of which 30% or 615 were reinstated; 
net loss 1,373. It was stated that business conditions for the 
1957-58 year can be held partly responsible for this loss in 
membership above normal turnover. The greatest percentage 
was in the Personal membership category. 

No new Chapters in process. MopEeRN CastTINGs advertising 
holding up fairly well, but total of year probably will be 
below budget for pages and gross income. 


(4) Report of the Treasurer 


Statements for 10 months of the 1957-58 fiscal year through 
April 30, 1958 were presented, showing Actual Net Income 
$270.943, compared with $247,313 forecast. All accounts 
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Receivable for Exhibit space were reported. collected. Mem- 
bers dropped for non-payment of dues now are being fol- 
lowed up for 60 days beyond the date of being dropped. 
Cash and temporary investments are being re-invested as 
such investments mature, in terms of cash requirements. 


(5) Reports of Board Committees 


(a) Regional Administration Meeting, Region 5. The Gen- 
eral Manager reported that minutes of the Region 5 Admin- 
istration Meeting held in January had been duplicated and 
mailed to all Directors. 

(b) Publications Committee. The Technical Director re- 
ported that publication of the 1957 Transactions was late 
due to Staff shortages and concentration on the transition in 
publication of TRANSACTIONS in MoperNn Castincs. Future 
TRANSACTIONS are expected to be available earlier. 

It was reported that four new books are in schedule for 
production: revision of the Patternmakers Manual; a new book 
on Molding Materials and Methods; new manuals on Noise 
Abatement and Radiographic Protection. 

(c) Retirement Trustees. The General Manager stated that 
the Retirement Plan trust agreement was undergoing com- 
plete study and revision. It has been proposed that the agree- 
ment be revised every five years, due to changes in the 
economic structure. 

(d) F. E. F. Trustees. Director Martens, reporting on the 
annual meeting of F. E. F. Trustees in March, briefed the 
following points: 

(1) F. E. F. is now operating on a reduced budget of 
$109,645, involving primarily reduced staff personnel. 

(2) F. E. F. membership declined from 483 to 424 in the 
year ended March 1, 1958, but up from 360 in March 1955. 

(3) A report on a proposed “Technical Institute Program” 
of F. E. F. was presented, no recommendations for action 
resulting. Further investigation of the question was ordered. 

(4) Contribution of $100,000 by the Wheelabrator Corp. to 
F. E. F. for scholarship purposes was announced and accepted 
with thanks of the Trustees. 

(5) Election of new F. E. F. officers for 1958-59: President, 
Frank X. Bujold, Ford Motor Co., Dearborn, Mich.; Vice- 
President, Frank G. Steinebach, Penton Publishing Co., Cleve- 
land. 

President Dietert requested Director Martens to submit a 
written report on the F. E. F. meeting, to be reproduced for 
all AFS Directors. 


(6) Report on Training & Research Institute 


The T&RI Director presented a statement of Receipts and 
Expenditures for the four months December 21, 1957 to 
April 20, 1958 showing: gross receipts of $17,533.81; Research 
expenditures $9,123.81; Expenditures for Training Course 
$7,824.25; Administrative expense $704.69; total expenditures 
$17,652.75; excess expenditures over receipts $118.94. The 
Director stated that staff salaries and overhead expense are 
assumed by AFS. He reported total T&RI assets of $53,308.13, 
liabilities $8,100.10, fund principal $45,208.03. 

Convincing statistics were presented concerning attendance 
at Courses held to date in 1958. A total of 135 students 
traveled some 57,982 miles to attend, or an average round-trip 
distance of 429.5 miles, as proof that students will travel to 
attend T&RI Courses at a central location. 

Two regional T&RI courses heid — one in Berkeley, Calif. 
with a registration of 28, and at Hamilton, Ont. with a reg- 
istration of 59. It was thought that attendance at the California 
session should have been higher, although those in attendance 


Transactions 


were extremely enthusiastic. It was suggested that additional 
publicity over a longer period of time is necessary in spon- 
soring regional courses. 


(7) By-Laws Ballot 


The General Manager reported on the ballot of the Mem- 
bership for a general revision of the Society's By-Laws: 
2,769 ballots cast — all “for;” 20 ballots, all “against,” 74 
split ballots; 47 illegal ballots; grand total of ballots cast, 
2,863. Ballot tabulation took place on May 2, 1958 in Chicago, 
with a committee of 3 tellers appointed by the President, 
assisted by 3 staff personnel. 

The approved By-Laws become effective July 1, 1958, and 
will be mailed to the entire Membership after that date. 


(8) AFS Buyers Directory 


The General Manager reported that the AFS Buyers Di- 
rectory was proceeding according to plan and that Directory 
Manager C. G. Fuller, was circulating among Exhibitors 
getting opinions and suggestions on the product classifica- 
tion list. 


(9) Election of Honorary Life Members 


The President pointed out that the Board had previously 
voted to bestow Honorary Life Membership on all Charles 
Edgar Hoyt Memorial Lecturers, and requested retroactive 
Board action be taken on behalf of the following: 


Charles E. Nelson, 1948 Hoyt Lecturer. 
W. W. Levi, 1950 Hoyt Lecturer. 


On motion duly made, seconded and carried, Honorary Life 
Memberships to Messrs. Nelson and Levi were approved un- 
animously, effective May 20, 1958. 


(10) Recommendations of Retiring President 


Before stepping down as President for 1957-58, President 
Dietert expressed his deep appreciation for the cooperation 
given him by the Board of Directors during his term of office. 
He also presented, for consideration of the 1958-59 Board, 
the following recommendations: 

(a) Encourage and continue the Regional Administration 

Meetings. 

(b) Encourage greater use of Central Office facilities and 

services by the Chapters. 

(c) Continue to broaden the program activities of the Soci- 

ety. 

President Dietert expressed his particular commendations 
to all members of the AFS Central Office staff for the co- 
operation and courtesies extended him. 


(11) Induction of New Officers 


President Dietert welcomed the Directors newly elected to 
the AFS Board, and asked their cooperation in continuing to 
build the Society under the purposes and policies for which 
it was organized. 

There being no further business to be considered, President 
Dietert declared the 1957-58 Board adjourned and turned the 
gavel over to incoming President Lewis H. Durdin. 


Respectfully submitted, 
Wo. W. MALONEY 
General Manager 
Approved: 
H. W. Dietert, President 
June 22, 1958 
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Minutes 


Annual Meeting of Trustees ~ 


AFS Training & Research Institute 


Hotel Sherman, Chicago—December 11, 1957 


(1) Rott Cau: 


H. Bornstein, Chairman (Exp. 1961) 
G. H. Clamer (Exp. 1958) 
F. W. Shipley (Exp. 1958) 
I. R. Wagner (Exp. 1959) 
H. W. Dietert (Exp. 1959) 
L. H. Durdin (Exp. 1960) 


W. W. Maloney, T&RI Secretary-Treasurer 
C. Massari, T&RI Director 

. E. Betterley, T&RI Training Supv. 

. B. Sinnett, AFS Assistant Secretary 


Absent: B. C. Yearley (Exp. 1960), B. L. Bevis, Chmn., 
Education Div. 


(2) Minutes of Previous Meeting 
Minutes of the Trustees’ meeting held July 22, 1957, 
were dispensed with, having previously been approved by 
letter ballot. 


(3) Application for Foundation Status 


The Chairman presented a letter to the T&RI Secretary 
from W. H. Alexander, attorney, stating that he was pre- 
pared to file application with the Treasury Department for 
exemption of the Training & Research Institute from Federal 
income taxes as a foundation as of December 21, 1957, 
thus concluding the required 12 months of operation before 
such application can be considered. The Secretary stated that 
fiscal statements for the 12-month period were being pre- 
pared and would be furnished the attorney so that no delay 
would occur in filing the application. 


(4) Pangborn Scholarship Fund 


The Chairman read correspondence between himself and 
Thomas W. Pangborn concerning the $50,000 scholarship 
fund donation to be proffered to the Institute when the 
Institute’s tax exemption status has been resolved. He stated 
that present plans for use of this scholarship fund involves 
the awarding of three scholarships per year or a total of 
27 scholarship students, each scholarship to be for two years 
in a recognized engineering school and college, with a valu- 
ation of $1,000 per year. After 10 years a balance of approx. 
$3,400 then would remain in the fund, which sum Mr. Pang- 
born agreed could be utilized for administration purposes. 

On motion duly made, seconded and carried, T. W. Pang- 
born’s letter to the Chairman of Trustees dated October 8, 
1957, was accepted. 

In view of the present intention that Pangborn scholar- 
ships be limited to two-year courses, it was stated that the 
Foundry Educational Foundation now is considering the de- 
velopment of its own two-year college scholarship program. 
It was the consensus of the Trustees that the Institute and 
F.E.F. should proceed independently in development of their 
respective two-year scholarship programs. It was brought 
out that the agreement between AFS and F.E.F. on their 
respective educational spheres of activity does not cover the 
ange of two-year technician courses and scholarships there- 
or, 


(5) Proposal for Honorary Trustees 


The suggestion was made that it would be well to consider 
provision for Honorary Trustees of the Institute in order 
to recognize outstanding contributions to or assistance ren- 
dered the purposes of the Institute. The suggestion being 
approved by a consensus of the Trustees, the Secretary was 
directed to discuss with W. H. Alexander, attorney, the 
legality of providing for Honorary Trustees. 


(Mr. Alexander later advised that the proposal is entirely 
legal and suggested that a resolution be presented to the 
Board of Directors providing for the office of Honorary 
Trustee, and that individuals be elected to such office by 
the Board of Directors on recommendation of the Trustees. ) 


(6) Review of 1957 Institute Courses 


The Institute Director presented statistics analyzing all 
courses sponsored in 1957 by the Training & Research In- 
stitute. Some brief facts: 

Total Students: 403—from 25 states, 2 provinces of Canada, 
2 Mexico states; avg. round-trip distance traveled per Stu- 
dent 833.6 miles. Over-subscription, 31 Students, or 8% of 
total—( could not be accommodated in 1957 courses ). 

Enrollment breakdown: Foundry personnel 89%, Supplier 
personnel 11%; range of titles from Trainee to President, 
Metallurgists ranking lst in totals, Presidents 12th. Cities 
where courses were held provided only 20% of total registra- 
tion; these cities and their suburban areas, only 30%. 

Registrant questionnaire results after courses concluded: 
(a) On question “How much did you learn,” 75 said “Great 
Deal,” 36 said “Some Points;” (b) on question of 5-day course 
length, 19 said “Too Short,” 78 said “Just Right,” 15 said 
“Too Long;” (c) on question of whether value received justi- 
fied attendance, 103 said “Yes,” 3 said “No;” (d) on question 
of whether registrants felt AFS should provide permanent 
facilities for such courses, 105 said “Yes,” 3 said “No;” 
(e) on question of where such permanent AFS facilities should 
be located, 98 said “Middle West,” 26 said “East,” 18 said 
“Anywhere,” 6 said “Canada,” 1 said “Far West.” 

The Director stated that special certificates had been pre- 
pared for each student and instructor at the Institute courses 
and that this practice would be continued. He also stated 
that each student’s company management is notified as to 
the student’s standing in the course taken. He stressed the ex- 
cellent and enthusiastic reception of the courses and course 
material by every person attending to date. 


(7) Proposed Foundry Training Center Building 


Chairman Bornstein reviewed briefly the discussions between 
the Institute Trustees and the AFS Board of Directors in 
late 1956 and early 1957 and the proposal for AFS to con- 
struct a Foundry Training Center building for the purposes of 
the Institute. He stated that valuable experience had been 
gained through the 1957 training courses and that this ex- 
perience indicated a need for the proposed building. 

The Director presented perspective drawings, floor plans 
and specifications for a proposed Training Center building, 
and all details of these plans were discussed with the archi- 
tect, Kenneth E. Holmes, and his engineer, Arthur Bladen. 
Many questions were asked by the Trustees, and the consen- 
sus was that the building and plans provided fully for all 
Institute facilities foreseeable at this time. 

Specifications presented by the architect were discussed, 
including the architect’s estimated cost of $409,000 for the 
building. In the general discussion that followed it was brought 
out that while many items of equipment for training course 
purposes undoubtedly would be donated by the industry, 
others. would have to be purchased to an estimated total 
cost of approximately $100,000. It was also the consensus that 
during the first four or five years of operation the Institute 
would require additional funds before becoming self-support- 
ing and that such additional funds should be considered in 
any solicitation of the industry for contributions on behalf 
of T&RI. 

Following full discussion, an estimate was made and agreed 
to by a consensus of the Trustees that Institute needs for 
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building construction, equipment installations, and the first 
five vears of operation would require the following sums: 

Building construction 

Equipment purchases & installations 

Operating funds—first year 

Operating funds—second year 

Operating funds—third year 

Operating funds—fourth year 

Operating funds—fifth year 

Total estimated funds needed 

On motion made, seconded and unanimously carried, the 

Trustees of the AFS Training & Research Institute recom- 
mended to the AFS Board of Directors that the Board of 
Directors now consider proceeding with construction of the 
proposed Foundry Training Center building. 


(8) Future Institute Program 


The Chairman stated that the Secretary and Director should 
be authorized to proceed with development of a far-reaching 
program of training courses and that the staff be authorized 
to develop the necessary details thereof. On motion made, 
seconded and carried the staff was authorized to proceed 
accordingly. 


(9) Donated Institute Funds 


The Chairman presented a letter from H. W. Dietert sug- 
gesting that any funds donated to the Institute be kept in 
separate savings or investment accounts so as to draw interest 
during the time such funds may not be used. On motion 
made, seconded and carried it was agreed that any donated 
funds for specific purposes should be placed in a T&RI 
Facilities Fund, to be utilized or invested in accordance 
with signed agreements between donors and the Training 
& Research Institute Trustees. The Secretary was directed to 
prepare donor agreements to be executed between the Insti- 
tute, B. L. Simpson, and H. W. Dietert and any future donors 
of equipment or funds to T&RI. 


Transactions 


On motion made, seconded and carried, the Trustees ap- 
proved and directed the Secretary to prepare proper resolu- 
tions accepting the following contributions to the Institute 
to date: (a) contribution of $5,000 by B. L. Simpson for 
general Institute purposes, (b) contribution of $2,500 by H. 
W. Dietert for equipping a sand laboratory in the proposed 
Foundry Training Center building, (c) Northwestern University 
donation of equipment from the University metallurgical lab- 
oratory, (d) assistance of the Detroit Electric Furnace Divi- 
sion of Kuhlman Electric Co. in dismantling the laboratory 
equipment at Northwestern University, (e) assistance of B. L. 
Simpson and the National Engineering Co. in dismantling 
laboratory equipment at Northwestern University. 


(10) Acknowledgment 


The Institute’s Secretary expressed the thanks of the AFS 
Central Office and Institute staff to the Trustees and Directors 
present for their aid in developing the training courses spon- 
sored in 1957, and for the cooperation, effort and interest 
of H. W. Dietert, the H. W. Dietert Co. staff, and the Chair- 
man of the Trustees. The Secretary stated that deferment of 
recommendation by the Trustees on the need for a Foundry 
Training Center building has now been fully justified in 
terms of the valuable experience gained, and that this de- 
ferment period has resulted in almost universal indus- 
trial acceptance of the entire Institute program, based on 
1957 results. 

There being no further business to be considered, the 
meeting of the Institute Trustees was adjourned. 


Respectfully submitted, 
Wo. W. Matoney, Secretary 
S. C. Massari, Director 


Approved: 
H. BornsteEIn, Chairman 
December 23, 1957 





15th Annual AFS Chapter Officers Conference 


AFS Headquarters and Sherman Hotel, Chicago—June 12-13, 1958 


PROGRAM 


June 12 (AFS Headquarters) 
10:45 am_ Call to Order 
10:47 am Welcome to Conference 
10:50 am Chapter Workshops — Ist Series 
Group (1) — Technical Services ..S. C. Massari 
Group (2) — Membership Activities 
W. W. Maloney-D. J. Hayes 


Group (3) — “Modern Castings” ..J. H. Schaum 
J. M. Eckert 

Group (4) — SH&AP Activities ....H. J. Weber 
Group (5) — Educational Programs A. B. Sinnett 
R. E. Betterley 


Pres. Durdin 
Gen. Mgr. Maloney 


11:20 am_ Retation of Workshop Groups 
11:25 am Chapter Workshops — 2d Series 
11:55 am_ Rotation of Workshop Groups 
12:00 noon Chapter Workshops — 3d Series 
12:30 pm Buffet Luncheon 
2:00 pm Chapter Workshops — 4th Series 
2:30 pm_ Rotation of Workshop Groups 
2:35 pm Chapter Workshops — 5th Series 


3:30 pm Critique of Workshops Pres. Durdin 


June 12 (Sherman Hotel) 
5:30 pm_ Social Hour 
6:45 pm Conference Dinner 
Presiding: President L. H. Durdin 
Guest Speaker: Dr. V. Dewey Annakin, Professor 
of Sociology, Indiana State Teachers College, 
Terre Haute, Ind. “Backdrop for Survival.” 
Special Delegate Meetings 
June 13 (Sherman Hotel) 
Group Buffet Breakfast 
Call to Order 
Technical & Research Institute ...... S. C. Massari 


W. W. Maloney 
S. C. Massari 


Panel of Chapter Delegates; W. H. Faust, 
Central Indiana Chapter; T. R. Walker, Jr., 
Philadelphia Chapter. 


Regional Administration Meetings ..Pres. Durdin 
AFS Buyers Directory W. W. Maloney 
The Shakeout Pres. Durdin 


Getaway Luncheon 


Chapter Program Building 
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chapter Officers Conference 


ATTENDANCE 


AFS President & Conference Chairman—Lewis H. Durdin, 
President, Dixie Bronze Co., Birmingham, Ala. 

\FS Vice-President—Charles E. Nelson, Technical Director, 
Magnesium Div., Dow Chemical Co., Midland, Mich. 

AFS General Manager—Wm. W. Maloney 


Guest—Dr. V. Dewey Annakin, Professor, Indiana State Teach- 
ers College, Terre Haute, Ind. 


National Directors 


David W. Boyd, Asst. Gen. Mgr., Engineering Castings, Inc., 
Marshall, Mich. 

Richard R. Deas, Jr., Vice-Pres. and Works Mgr, Hamilton 
Foundry & Machine Co., Hamilton, Ohio 

Jake Dee, Pres., Dee Brass F oundry, Houston, Texas 

Wm. D. Dunn, Asst. to Pres., Oberdorfer Foundries, Inc., 
Syracuse, N. Y. 

Herbert Heaton, Plant Supt., Mainland Foundry Co., Ltd., 
Vancouver, B. C. 

Webb L. Kammerer, Pres., Midvale Mining & Manufacturing 
Co., St. Louis, Mo. 

Fred J. Pfarr, Mgr., Lake City Malleable Co., Cleveland, Ohio 

John R. Russo, Pres., Russo Foundry Equipment Co., Oakland, 
Calif. 


Chapter Officers 


BrRMINGHAM 
Chairman M. D. Neptune, Met., James B. Clow & Sons, 
Birmingham, Ala. 
Vice-Chairman & Program Chairman J. R. Cardwell, Chief 
Met., Stockham Valves & Fittings, Inc., Birmingham, Ala. 

British COLUMBIA 
Chairman James T. Hornby, Sales, Balfour Guthrie (Can- 
ada) Ltd., Vancouver, B. C. 
Vice-Chairman & Program Chairman Norman Amundsen, 
Brass Fdy. Foreman, Terminal City Iron Works, Vancouver, 
B. C. 

Canton District 
Chairman Robert E. Mittlestead, Met., Lectromelt Casting 
Div., Akron Standard Mold Co., Barberton, Ohio 
Vice-Chairman & Program Chairman Raymond J. Bossong, 
Asst. Works Mgr., American Steel Foundries, Alliance, Ohio 
Secretary Robert J. Gairing, Sales Mgr., Wadsworth Foundry 
Co., Wadsworth, Ohio 

CENTRAL ILLINOIS 
Chairman Andrew J. Paul, Asst. Purch. Agent, Caterpillar 
Tractor Co., Peoria, Ill. 
Vice-Chairman & Program Chairman John F. Kauzlarich, 
Methods Engr., Peoria Malleable Castings Co., Peoria, IIl. 
Secretary-Treasurer Harold Marlatt, Treas., Galva Foundry 
Co., Galva, Il. 

CENTRAL INDIANA 
Chairman Wm. H. Faust, Mgr., Plant Equipt. & Maint. 
Engr., Electric Steel Castings Co., Indianapolis, Ind. 
Vice-Chairman & Program Chairman Wm. E. Boyd, Dist. 
Sales Mgr., Mexico Refractories Co., Indianapolis, Ind. 
Treasurer Thomas E. Smith III, Production Mgr., Central 
Foundry Div., GMC, Danville, Ill. 
M/S Chrmn. Geo. W. Dehn, Sales Engr., Wheelabrator 
Corp., Lebanon, Ind. 

CENTRAL MICHIGAN 
Chairman David E. Sherman, Plant Mgr., Engineering Cast- 
ings, Inc., Marshall, Mich. 
Vice-Chairman & Program Chairman Stephen Pasick, Sales 
Mgr., Brooks Foundry, Inc., Albion, Mich. 

CENTRAL New York 
Chairman Ralph J. Denton, Pres., Denton Refractory Serv- 
ice Co., Syracuse, N. Y. 
Vice-Chairman & Program Chairman Bruce R. Artz, Dist. 
Mgr., Pangborn Corp., Hagerstown, Md. 
Secretary Wm. C. Dunn, Asst. Met., Oberdorfer Foundries, 
Inc., Syracuse, N. Y. 

CENTRAL OHIO 
Chairman Dallas M. Marsh, Fdy. Supt, Cooper-Bessemer 
Corp, Mt. Vernon, Ohio 
Dir. J. A. Havnen, Fdy. & Engrg. Mgr., Burnham Corp, 
Zanesville, Ohio 
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CHESAPEAKE 
Chairman Wm. O. Becker, Field Engr., Atlantic Abrasive 
Corp, South Braintree, Mass. 
Vice-Chairman & Program Chairman L. Earl Gaffney, Pres., 
Arlington Bronze & Aluminum Corp., Baltimore, Md. 
CHICAGO 
President Donald G. Schmidt, Met. Engr., H. Kramer & Co., 
Chicago, Ill. 
Director Harold L. Overman, Sales Engr., Whiting Corp., 
Chicago, III. 
CINCINNATI 
Chairman Richard R. Deas, Jr.,**°* Vice-Pres. & Works 
Mgr., Hamilton Foundry & Machine Co., Hamilton, Ohio 
Vice-Chairman & Program Chairman James D. Claffey, 
Pres., Non-Ferrous Casting Co., Dayton, Ohio 


*®®Director not included in delegate count. 


CONNECTICUT 
Program Chairman Robert J. Brandt, Owner, Northeast 
Brandt Co., Branford, Conn. 
Treasurer Frank B. Diana, Mgr. & Met., Frank B. Diana 
Co., Easton, Conn. 

Corn BELT 
Chairman Harold R. Hansen, Plant Supt., Paxton-Mitchell 
Co., Omaha, Neb. 
Vice-Chairman & Program Chairman Ralph E. Heikes, Vice- 
Pres. & Director of Mfg., Dempster Mill & Mfg. Co., Beatrice, 
Neb. 

DETROIT 
Chairman Cecil N. King, Plant Mgr., Chrysler Fdy., Chrys- 
ler Corp., Detroit, Mich. 
Program Chairman George Rundblad, Sales, Pickands— 
Mather & Co., Detroit, Mich. 

EASTERN CANADA 
Chairman Max Reading, Mgr. Eastern Canada Division, 
Foundry Services (Canada) Ltd., Montreal, Que. 
Vice-Chairman & Program Chairman Alfred H. Lewis, Pres., 
Crestweld Mfg. Limited, Lachine, Que. 

EAsTERN New York 
Secretary Peter E. Noonan, Vice-Pres., Albany Car Wheel 
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A LITERATURE REVIEW OF METAL PENETRATION’ 


By 


A. E. Murton** and S. L. Gertsman*** 


INTRODUCTION 


Penetration of metal into foundry molds and cores 
has long been a persistent source of trouble in the 
cleaning room. The problem has been studied by a 
number of investigators, and much is now known 
about the method of its occurrence, but no sure meth- 
od of prevention has been found. 

Although most of the reports of investigations were 
published before 1953, the interest in the problem 
has continued. Before further work is attempted it 
was felt that a thorough review should be made of 
the research already carried out in this field. 


SUMMARY OF LITERATURE 


In the earliest theories of metal penetration it was 
proposed that the metal penetrated as an oxide which 
was subsequently reduced.!:? This theory and the 
theory that it penetrates as a gas* are both refuted by 
the fact that the penetrating metal does not differ 
substantially from that of the casting.* Such differ- 
ences as do occur can be explained by segregation 
during solidification, or by oxidation of the metal after 
penetration. 

In an early investigation of the problem Caine® 
used a test casting in which standard 2-in. AFS test 
specimens were subjected to a metal head of 7 or 8 
in. (The paper does not give the exact height of 
casting plus riser.) The design is shown in Fig. 1. 

Pouring temperatures were between 2980 F (1638 
C) and 3060 F (1682 C). Increased pouring tem- 
perature of the test casting increased penetration. 
This effect was also observed in a production casting. 

Additions of more than 25 per cent silica flour, 
and of bentonite and fire clay in the amounts used 
in foundry practice were beneficial. However, addi- 
tions of less than 25 per cent silica flour or large 
amounts of bentonite and fire clay were detrimental. 
Coarse sands and low sintering point sands were 





* Published by permission of the Director, Mines Branch, 
Department of Mines and Technical Surveys, Ottawa, Ontario, 
Canada. 

*® Senior Scientific Officer, Physical Metallurgy Division, 
Mines Branch, Department of Mines and Technical Surveys, 
Ottawa, Ontario, Canada. 

**®Chief, Physical Metallurgy Division, Mines Branch, De- 
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Fig. 1—Test casting used by Caine.5 


penetrated badly. Caine interpreted these results to 
mean that penetration is prevented by a fused skin 
on the surface of the mold, but that it is promoted 
if large voids are present or are formed by fusion 
of the sand. 

Cereal and core oil helped to prevent penetration, 
as did an addition of fused salt. Caine suggested 
that the results with organic binders could be ex- 
plained either by the formation of over-reduced steel 
by reducing mold gases or by back pressure of mold 
gases. A tentative explanation of improved results 
with the salt was that they were caused by the gas 
pressure of the salt. 

Caine concluded from his work that the major 
cause of penetration is mechanical entry of the metal 
into voids which are too large. These voids may be 
caused by too coarse sand, by soft ramming, or by 
fusion of the sand. These conclusions still seem valid; 
however, the low metal head of the casting gave an 
over-optimistic impression of the results which could 
be obtained by controlling void size and pouring 
temperature. 

In an investigation of the problem Beeley and 
Protheroe® concluded that penetration can occur only 
above a lower limit of temperature. They studied the 
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Fig. 2—Test casting used by Beeley and Protheroe.® 














effect of different factors on the temperature at which 
penetration first occurred. The casting used in this 
test (Fig. 2) is open to the same criticism as that 
used by Caine, namely, that the combined height of 
the casting and riser was only 6% in. Because of this, 
the depth of penetration was always less than 2 mm. 

Hoar and Atterton’? made tests with small heats 
of induction melted steel which were melted on top 
of sand specimens. Suction to draw the metal into 
the sand was applied by a controlled vacuum from 
beneath after the metal was melted. Tests with liq- 
uid drops showed that metal will not wet sand or 
sand coated with iron oxide. Therefore the surface 
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Fig. 3—Relation between penetrating pressure and surface ten- 
sion of molten metal.7 


Metal Penetration 


tension of the metal acts to prevent the metal from 
entering the sand, and a positive pressure is always 
required to produce penetration. 

By calculating the effect of metal viscosity, Hoar 
and Atterton showed that initial penetration occurs 
almost instantaneously. They assumed that further 
penetration takes place by remelting of the probes, 
and is limited by heat transfer. 

They found that for metals with known surface 
tension the pressure required to initiate penetration 
was proportional to the surface tension (Fig. 3). For 
tin the penetrating pressure decreased with increas- 
ing temperature up to 1620 C (2948 F) (Fig. 4). 
They assumed that the decrease was due to the 
lower surface tension of the metal, and also to an 
increase in pore radius by sintering. 

Above 1650 C (3002 F) there was a sudden in- 
crease in the pressure required to produce penetra- 
tion. This was attributed to the formation of a con- 
tinuous fused layer which prevented metal from 
entering the sand. 

Viscous slag washes which were high in silica, 
formed from iron silicate or from lime-silica, prevent- 
ed penetration in the authors’ tests. They suggested 
that washes based on the principle of plugging the 
voids with viscous slag might work well in practice. 

An extension of this work was published in 1953.° 
Measurements of the amount of penetration by iron 
and tin showed that both metals filled substantially 
all of the void space. 

They found that penetrating pressure increased with 
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Fig. 4—Variation with temperature of penetrating pressure for 
tin. The dotted lines show the change which could be expected 
from decreased surface tension with increased temperature.’ 
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increased ramming (Fig. 5). In tests with an actual 
casting (design shown in Fig. 6), they found a con- 
siderable variation in the amount of compaction at 
different points in the mold. They advocated close 
attention to ramming and molding sand mixtures to 
produce a mold as uniformly rammed as possible. 

The results of sintering of the sand were generally 

deleterious. 

Gertsman and Murton® '° obtained pressure to pro- 
duce penetration in steel by using a casting, the 
height of which could be varied (Fig. 7). They found 
that: 

a) Increasing the metal head without increasing the 
volume of metal passing the core increased pene- 
tration. Cores in a casting with a 5-in. head were 
not penetrated. Penetration was produced in the 
same casting with a higher head of metal. The 
temperature conditions were kept constant by pour- 
ing into an offset small diameter riser after the 
5-in. casting was filled (Fig. 8). The amount of 
penetration obtained with this casting was less 
than that obtained with a full diameter casting 
of equal height. This could be explained by the 
shorter time during which metallostatic pressure 
was applied (earlier freezing of the riser), and also 
to heating of the cores by a smaller volume of 
metal. 

b) There was no penetration when 450 lb of metal 
(comparable to 50-in. height) was passed by the 
cores in a 5-in. high casting. 

c) Increased temperatures and pressures both caused 
increased penetration. Within the ranges used in 
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Fig. 5—Influence of degree of ramming on the penetrating pres- 
sure for tin at 650 C (1202 F). MP/S/1 and MP/S/2 are Pfne 
and coarse sands respectively.§ 
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Fig. 6—Test casting used by 
Hoar, Atterton and House- 
man showing location of test 
sand specimens.® 
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foundry practice pressure was the more important 
factor. 

d) For each height of casting there was a tempera- 
ture below which further reduction of temperature 
(using practicable temperatures) had little effect 
on penetration. Increasing the temperature above 
this point increased the penetration noticeably. 
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Fig. 7—Test casting used by Gertsman and Murton.1! 





Fig. 8—Test used to demon- 
strate the effect of metal head 
on penetration.® 


The higher castings required lower pouring tem- 

peratures. 

e) Green sand cores were more resistant to penetra- 
tion than unwashed oil sand or dry sand cores. 

f) At high pouring temperatures a film of slag was 
formed on the sand surface next to the casting. 
Despite this, there was more penetration at higher 
temperatures. 

g) Resistance to penetration increased with increased 
ramming up to a point, but excessive ramming was 
detrimental. 

h) In some unpublished work it was found that cores 
in 30-in. high castings, turned on the side 30 sec- 
onds after pouring, were less than half penetrated. 
Those in a casting turned on the side one min 
after pouring were completely penetrated. 

i) Washes alleviated penetration in castings up to 
30 in. in height, but the results were not consist- 
ent. Detergents helped to make washes for oil 
sand cores more effective. Silica flour appeared to 
be about as effective as zircon flour, crushed silli- 
manite brick or crushed alumina. 

In a paper published in 1951 Pettersson’ gave the 
results of an investigation he had made on the prob- 
lem of metal penetration. This paper included an 
analysis of his own and others’ test results. 

Pettersson reviewed the considerable work which 
had been done on the effect of slag, mostly faya- 
lite.?» 4 5» 18 These investigations had been devoted to 
final products and include reactions which took place 
in the solid state. Tests by Dietert et al? and also 
those by Pettersson indicate that most of the slag is 
formed after the metal has solidified. For this reason 
he believes that the role of slag has been exaggerated. 

The test work done by Pettersson included immer- 
sion of sand specimens in an induction heated melt 


Metal Penetration 


of steel, and also pouring of steel castings. The test 
results of the two methods were not closely correlat- 
ed, as the castings were penetrated more than would 
be predicted from the results of the immersion tests. 
This appears to be anomalous because one would 
expect the results of the immersion tests to be the 
more severe. 

The induction furnace is in effect an unlimited 
source of heat whereas in the casting the heat supply 
is limited to the heat content of the metal poured. 
Pettersson attributed the more severe results of the 
casting tests to the fact that slag particles from the 
melt reacted with the sand in the immersion tests; 
probably the slag plugged the pores in the sand. 

In fine sands and sands with a wide screen distribu- 
tion a coarse and sparse type of penetration occurred. 
This behavior limits the effectiveness of these sands. 

In contrast to other workers, who measured the 
critical temperature® or critical pressure’ * to cause 
penetration, or the total depth obtained,® 1° Pettersson 
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Fig. 9—Depth of steel penetration vs. time in the melt at 
constant pressure. Full curves are for a coarse sand. Broken 
curve is for a fine sand at 1550 C (2820 F).12 


studied, among other things, the rate of penetration. 
His studies led him to believe that the conclusion 
of Hoar and Atterton, that the rate is limited by 
the freezing and remelting of the metal probes, is 
in error. However, he agrees that cessation of pene- 
tration is caused by freezing. The theory he derives 
from the test results is that pressure of the penetrat- 
ing metal expands the voids, allowing the metal to 
penetrate further. The most important arguments are: 
a) At any particular height (provided that it is suff- 
cient to cause penetration) the rate of penetration 
is almost constant for any distance from the mould- 
metal interface (Fig. 9). This means that viscous 
resistance to flow is not a factor. The calculations 
of Hoar and Atterton which show that viscosity 
of the metal is not a factor are in agreement with 
this conclusion. 

) If freezing and remelting of the metal probes 
were the mechanism which limits the rate of pene- 
tration, the rate of heat transfer would be the 
critical factor, as pointed out by Hoar and Atterton. 
Therefore, increased pressure above the critical 
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Fig. 10—Relation between depth (rate) of penetration and the 
pressure of the melt on the sand at 1550 C (2822 F), 3-min 
immersion. The figures on the curves give average grain size 
(mm).12 


pressure should have no effect, because pressure 

does not directly affect the rate of heat transfer. 

However, high static pressure (caused either by 

metal head or gassy metal) does increase the rate 

of penetration (Fig. 10). Therefore, some other 
mechanism, dependent upon both pressure and 
temperature, must limit the rate. 

c) High metal temperature and preheating of coarse 
sand by immersion caused the cores to be pene- 
trated almost instantaneously. (Preheating of fine 
sands formed a glaze which prevented penetration 
when the pressure was applied.) The theory ac- 
counts for an increased rate in the coarse sand, 
because heating of the sand would soften it and 
help the metal to expand the voids. 

Except for the sparse type of penetration observed 
in fine sands, and in sands with a wide screen dis- 
tribution, the evidence in Pettersson’s paper does not 
support his theory very well. In coarser sands the 
metal penetrated uniformly. The theory does not ex- 
plain why preheated sand was penetrated almost 
instantaneously. 

This work corroborates the findings of Hoar, Atter- 
ton and Houseman that penetrated metal fills virtually 
all of the void space in the sand. Pettersson suggests 
that this could be explained if there were an increase 
of wetting tendency with time of contact. 

The paper includes some work with mold washes. 
They were found to be helpful, but the results were 
not consistent. 

It has been shown that a purely mechanical type 
of penetration occurs in foundry practice. There may 
be other types, but only the mechanical type has 
been proved. 

Because steel does not wet sand or sand coated 
with iron oxide, surface tension of the metal opposes 
mechanical penetration. This means that small void 
size, high surface tension, and high contact angle 
act to prevent the metal from entering the sand. High 
metal pressures and high temperatures promote pen- 
etration. 

It has been shown that fayalite slags at time pre- 
vent penetration. However, the fact that most of the 
slag is formed after the steel solidifies appears to 
justify the conclusion that it is not an important fac- 
‘or. This view would have to be revised if it could 
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be shown that slag has a significant effect on surface 
tension. 

Sintering of the sand is usually detrimental because 
it enlarges the voids. However, the formation of a 
fused layer at the sand surface has at times prevented 
penetration.” 1: 18 It appears that for this to hapepn 
the fused layer must be continuous, and be formed be- 
fore the pressure of the metal can act. It should be 
noted that, except under laboratory conditions, effec- 
tive glazes have not been reported to have been 
formed by increasing pouring temperatures. On the 
contrary increased pouring temperatures have a detri- 
mental effect. 

It has been shown that penetration can occur rather 
slowly. The mechanism which limits the rate and 
depth of penetration is of interest. Hoar, Atterton, and 
Houseman consider the limitation to be by freezing 
of the probes of penetrating metal, which must be 
subsequently remelted for penetration to proceed 
further. This would make the rate dependent upon 
the rate of heat transfer. Pettersson points out that 
on this basis the effect of pressure is hard to explain, 
because pressure would not affect any of the con- 
stants which determine heat transfer. 

It can be argued that the direct effect of increased 
pressure is to increase the depth of penetration. 
However, the longer probes would require longer 
periods of time to be remelted. The net effect of 
these two factors would at most be a slight increase 
in the rate of penetration. 

A mechanism by which pressure could affect the 
rate of heat transfer may be explained by taking 
into consideration the different heat conductivities of 
metal, sand, and voids. Increased pressure increases 
the number of passages by which penetration can 
occur. This speeds up the rate of heat transfer be- 
cause metal is a much better heat conductor than 
sand or voids. By this means increased pressure in- 
creases the rate of penetration. 

This theory explains how the theory of Hoar and 
Atterton that the rate of penetration is limited by 
alternate freezing and remelting of the probes is not 
inconsistent with the observation that increased pres- 
sure increases the rate of penetration. It also explains 
how preheated sand can be penetrated almost in- 
stantaneously. 

Hoar, Atterton, and Houseman found that increas- 
ing the metal temperature decreased the critical pene- 
trating pressure. They attributed this to lowered sur- 
face tension and to sintering of the sand. It should 
be noted that if, at any pressure, penetration cannot 
begin unless the surface tension has been lowered 
by heating to some temperature above the melting 
point, it cannot continue unless the penetrating probes 
have been heated to that critical temperature at which 
penetration began. 

Under these conditions the metal tips will be liq- 
uid. In other cases pressure may be great enough to 
cause penetration at the melting point, and the metal 
probes will be partially frozen. In all cases the rate 
of penetration will be governed by the ability of 
the thermal conductivity of the metal and the thermal 
reservoir in the casting to maintain the probes at 
the critical temperature and to reheat advancing 
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probes which have been chilled below the critical 
temperature. 

As noted above, Pettersson has shown evidence that 
enlargement of voids under pressure is a factor when 
the void size is small. The passages for penetration 
may be so restricted that the progress of the metal 
will be blocked until they are enlarged by pressure 
or fusion of the sand. In such cases, at any tempera- 
ture, some of the factors determining the rate of 
penetration would be the surface tension of the metal 
and the hot strength and deformation of the sand. 

Enlargement of the voids by pressure and fusion 
would especially be the case with fine sands and 
sands with wide screen distribution, but these factors 
might also act between the penetrating probes of 
metal in more open sands. The fact that virtually 
all of the voids have been filled by metal is an indi- 
cation that this mechanism is indeed operative. 

It appears from the above that void size, pressure 
and temperature operate together to control the rate 
of penetration. Void size will determine how great 
the pressure to penetrate must be at any surface 
tension. Pressure overcomes the influence of surface 
tension, increases the heat conductivity of the sand- 
metal compact by supplying more penetrating probes, 
and may enlarge the void size. Temperature decreas- 
es surface tension, helps to enlarge voids by fusing 
the sand, and increases the heat flow to the penetrat- 
ing probes. 

It has been shown that penetration by liquid metal 
will occur when the pressure is great enough to over- 
come surface tension effects. After the almost initial in- 
stantaneous penetration the rate of further penetra- 
tion is postulated to be limited either by alternate 
freezing and melting or by the increased surface 
tension of the continuously cooling metal. The particu- 
lar conditions govern which of these mechanisms 
will operate. 

On the basis of the above theory the apparently 
contradictory results obtained by investigators with 
carbon steel could be explained. Hoar and Atterton 
found that critical pressure, and Beeley and Protheroe 
that critical temperature, were lowered by increased 
carbon content of the steel. From these results it could 
be predicted that, at any given temperature and pres- 
sure, increased carbon content would increase the rate 
of penetration. However, Pettersson found that in- 
creased carbon content lowered the rate of penetra- 
tion. The lowering of critical pressure and critical 
temperature are probably explained by lowered sur- 
face tension and contact angle, or by the width of 
the solidification range. 

The lowering of the rate of penetration could be 
caused by decarburization of the surface of the pene- 
trating probes which would raise their freezing point. 
According to these results, high carbon content steel 
could be expected to be more subject to “burn-on” 
than low carbon steel, but there would be less likeli- 
hood of experiencing deep penetration. 

The foundryman will want to know what he can 
learn from the above discussion which will help 
him to eliminate penetration. Unfortunately, the an- 
swer is that there is not much in this review that is 
inconsistent with good foundry pracice. With low 
metal heads mechanical penetration can be eliminat- 
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ed by controlling void size (fine sands, good ramming, 
refractory sands, mold washes), and using low pouring 
temperatures. When it is necessary to use high metal 
heads, together with hot spots on the casting, it is 
difficult at present to prevent penetration with prac- 
ticable sand: mixtures. 

The tests show that attention should be paid to re- 
ducing metal head as much as possible, especially 
over hot spots, by gating design and the use of blind 
risers. 

Penetration may be practically eliminated by core 
mixtures containing up to 100 per cent silica flour, 
but these mixtures are difficult to use. They are hard 
to mix, hard to bake, have low green and dry tensile 
strength, and their use is likely to result in other cast- 
ing defects. 

Some alleviation might be obtained by cooling the 
core. In some unpublished work it was found that a 
brass tube inserted into the core reduced penetration 
considerably by conducting heat away from the cen- 
ter. Similarly chills, to be incorporated into the cast- 
ing, could be used on the outside of the core to 
eliminate hot spots. 

The results obtained by Hoar and Atterton and by 
Pettersson with sands preheated by molten metal 
suggest that penetration in fine sands might be de- 
creased by interrupted or slow pouring of large cast- 
ings, to allow a glaze to form on the sand at low 
pressures. However, this would be hard to do without 
freezing the gating system. 

It is unfortunate that with all of the work done on 
the mechanism of metal penetration the absolute 
remedy still eludes us. 


REFERENCES 


. P. L. Goodale, “Notes on Behavior of Sand Molds in Steel 
Foundries,” Transactions, AFA, vol. 38, pp. 471-480 
(1980). 

. H. W. Dietert, R. L. Doelman, and R. W. Bennett, “Mold 
Atmosphere Control,” Transactions, AFA, vol. 52, pp. 
1058-1077 (1945). 

3. S. G. Jones, “Does Metal Vapor Cause Penetration?” 
AMERICAN FounpRYMAN, April, 1948, p. 189. 

. Mold Surface Committee, AFS, “Changes in Chemistry of 
Liquid Steel in Contact with Sand”, Transactions AFS, 
vol. 58, pp. 260-263 (1948). 

. J. B. Caine, “A Study of Burnt-on or Adhering Sand,” 
Transactions, AFA, vol. 51, pp. 647-705 (19438). 

. P. R. Beeley and H. T. Protheroe, “The Adherence of Sand 
on Steel Castings,” J. Iron ¢& Steel Inst., vol. 167, pp. 141- 
157 (1951). 

. T. P. Hoar and D. V. Atterton, “Penetration of Molten 
Metal into Compacted Sand,” J. Iron & Steel Inst., vol. 
166, pp. 1-17 (1950). 

. T. P. Hoar, D. V. Atterton, and D. H. Houseman, “In- 
fluence of Ramming and of Sintering on the Penetration 
of Molten Metals into Compacted Sand,” J. Iron & Steel 
Inst., vol. 175, pp. 19-29 (1953). 

. S. L. Gertsman and A. E. Murton, “An Investigation of 
Metal Penetration of Steel Sand Cores,” TRANSACTIONS, 
AFS, vol. 58, pp. 595-603 (1950). 

. S. L. Gertsman and A. E. Murton, “Metal Penetration,” 
Transactions, AFS, vol. 59, pp. 108-116 (1951). 

. Founpry Sanp Hanpsook, Sixth Edition, (1952) p. 122, 
American Foundrymen’s Society, Des Plaines, Ill. 

. Holger Pettersson, “An Investigation of the Penetration of 
Steel into Molding Sand,” Transactions, AFS, vol. 59, 
pp. 35-55 (1951). 

. E. E. Savage and H. F. Taylor, “Fayalite Reaction in Sand 
Molds Used for Making Steel Castings,” TRANSACTIONS, 
AFS, vol. 58, pp. 564-577 (1950). 





HOT DEFORMATION OF MOLDING SAND 


By 


Harry W. Dietert* and Tom E. Barlow** 


INTRODUCTION 


Molding sand at elevated temperatures above 500 
F is not a rigid body (which does not deform or 
move when a load is applied). When a compressive 
load is applied to a rammed molding sand specimen 
that is heated, the sand specimen will shorten even 
though the sand is dry and hot. Thus the heated 
wall of a mold will possess a degree of deformation 
or inter-sand-grain movement when an external load is 
applied, or when an internal stress results from sand 
expansion. 

External load is mainly from the thermal-static 
pressure head of molten metal. The internal loading 
is due to the growth of the sand grains from thermal 
expansion. The internal loading is sufficient to rupture 
the mold face providing the hot deformation of the 
sand will not accommodate the movement caused by 
the expansion. In silica sand it can be assumed that 
the expansion forces are always present in sufficient 
magnitude to rupture the mold wall if insufficient 
hot deformation is possessed by the sand to absorb 
the expansion. 

The AFS Committee 8-J and 8-L reports, scheduled 
for publication in AFS Transactions, 1958, show 
restraining load test data. The load in this test is 
created by the internal loads caused by expansion 
stresses that are not accommodated by hot deforma- 
tion. Restraining loads over 10 psi, in case of gray 
iron sands, cause rupture on mold face. In the case 
of steel castings sands, a restraining load over 50 psi 
caused scab losses due to mold wall fracture. In most 
instances the test castings and actual production ex- 
perience do correlate. This is to be expected, for 
geometry and size enter into any relation involving 
movement. Therefore, no hard and fast correlation 
can be made between the test specimen and a mold 
surface differing in both geometry and size. 

One can escape this condition by providing cush- 
ioning materials to increase hot deformation or by 
nailing or venting. This procedure carries the heat 
into a large mass of the mold and avoids excessive 
heating of thin layers on face of mold. 

The importance of having information on hot defor- 
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mation property of molding sand is vital in the pro- 
duction of quality castings. Heretofore, insufficient 
knowledge existed on a method for expressing the 
hot deformation in a practical manner. 


Hot Deformation Expression 


Previously the hot deformation test was expressed 
as the total hot deformation at rupture load. This is 
the ultimate deformation and is much beyond any 
safe workable point of a sand. 

A possible improved manner of expressing hot de- 
formation involves the use of a factor that expresses 
deformation rate per psi. The, hot deformation rate 
factor may be computed by formula: 


Hot Deformation Rate = 
1000 « Hot Deformation at Chosen Load 


Chosen Load 

The chosen load is any compressive hot strength 
reading less than one-half of the rupture load. 

For example: Select 50 psi hot compressive load 
as the chosen load. The hot deformation at 50 psi 
read 0.020 on the hot deformation recorder. Thus— 

Hot Deformation Rate = ron oe = 0.40 

The object of multiplying by 1000 is to secure a 
reasonably large fraction or whole number. The larger 
the hot deformation rate factor the safer the sand 
is from a possible mold wall fracture slope. 

The hot deformation rate factor also expresses the 
angle of the stress-strain diagram. The greater the 
slope from the ordinate (hot strength) the greater 
the hot deformation rate factor. 

In addition to the ultimate hot deformation and 
hot deformation rate, one should be aware that mold- 
ing sand also has hot toughness. Hot toughness is 
computed by formula: 

Hot toughness = 1000 x Ultimate Hot Deformation 

>< Rupture Load 

The larger the casting the greater should be the 
hot toughness of the sand. Sand mixes used for large 
castings of steel should contain silica flour or a blend 
of western bentonite and fire clay. Sands bonded with 
fire clay are also adaptable for the heavier type 
castings. These sand mixes possess a high hot tough- 
ness, illustrating that a high hot toughness is a desir- 








pence 


Fig. 1—Hot deformation recorder used for recording hot de- 
formation and hot strength. 


able attribute for sands used for heavy castings. The 
term “hot toughness” is.a general one to denote hot 
properties involving sintering and thermal stability 
imparted by additions such as silica flour, bentonite, 
fire clay and combinations of these additions. One 
possible method of measuring these illusive proper- 
ties is described in the following paragraphs. 


Equipment 
Two types of equipment are available to measure 
the hot deformation of a sand: 


1) A hot deformation recorder (Fig. 1) which auto- 
matically records both the hot strength and hot 
deformation. The graph secured is a stress-strain 
diagram as illustrated in Fig. 3. 


2) A hot deformation indicator accessory (Fig. 2) 
which can be set to indicate either the ultimate 
hot deformation or hot deformation at a predeter- 





Fig. 2—Hot deformation indicator accessory for dilatometer. 
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Fig. 3—Stress-strain diagrams for ben- 
tonite bonded sands without additive, 
with 2% wood flour and 15% silica flour. 


mined load. From the latter reading the hot defor- 
mation rate can be computed. 


Hot Deformation Rates vs. Ultimate Hot Deformation 


The ultimate hot deformation of certain sands may 
be identical for all practical purposes, while they may 
be quite different in the rate at which deformation 
takes place. 

For an illustration of this fact, note the stress- 
strain diagrams in Fig. 3 at 1500 F temperature. 
The ultimate hot deformation for the 4 per cent 
western bentonite sand and the 4 per cent western 
bentonite sand plus 15 per cent silica flour are alike 
at 0.0083 in./in. When 2 per cent wood flour is 
added the ultimate hot deformation is 0.008 in./in. 
The ultimate hot deformation finds its use for de- 
termining the hot toughness. The hot strength of 
these three sands are very different, giving a wide 
spread in hot toughness. 

The hot deformation rate, computed from defor- 
mation found at 50 psi load, Fig. 3, possibly shows 
why these three sands have different behavior in 
reference to mold fracture under certain conditions. 
The base sand of 4 per cent western bentonite has 
a hot deformation rate of 0.048. When 2 per cent 
wood flour is added the hot deformation rate increas- 
es to 0.080 and reduces to 0.024 when 15 per cent 
silica flour is added: in one case, nearly a 100 per 
cent increase and in the other case a 50 per cent 
reduction. 


Temperature Affects Hot Deformation 


The hot deformation of a sand increases rapidly as 
temperature increases. This is well illustrated in Fig. 
4, where hot deformation curves show a marked in- 
crease in slope as temperature is increased from 500 
F to 2500 F. 





HOT COMPRESSIVE STRENGTH IN PSI. 
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TABLE 1—THE EFFECT OF TEMPERATURE ON 
HOT DEFORMATION 





Ultimate Hot Ultimate 
Hot Deformation Hot 
Temperature, Deformation (in./in.) Rate Factor Strength, psi 
F 





500 0.0072 0.036 85 
1000 0.0098 0.050 94 
1500 0.0124 0.072 318 
2000 0.0454 0.180 172 
2500 infinite 5.7 





The data tabulated in Table No. 1 give a good 
numerical illustration of the marked effect of tem- 
perature on the hot deformation of sands. For exam- 
ple, the hot deformation rate factor shows an increase 
from 0.036 to 0.180 in./in. of length for a tempera- 
ture change from 500 to 2000 F. 
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Fig. 4—Hot deformation is affected by temperature. 
Moisture Affects Hot Deformation Rate 


The moisture which is used to temper a sand has 
a marked effect on the hot deformation rate of a 
sand. The higher the moisture content of a sand the 
lower will be the hot deformation rate. Stated in 
other words—excess water in reference to temper 
causes a sand to become brittle under the conditions 
of these particular tests. 

The stress-strain curves in Fig. 5 increase in slope 
as moisture increases. A study of the data tabulated 
in Table 2 will show the magnitude of moisture effect 
on hot deformation. 

From the stress-strain diagrams (Fig. 5) the hot 
deformations at 50 psi load proved to be: 0.011, 0.021 


TABLE 2—INCREASE OF MOISTURE REDUCES 
HOT DEFORMATION RATE 


50 psi Ultimate 
Hot Hot Hot 
Deformation 





Moisture Deformation Deformation 
Range (in. /in.) (in./in.) 


High 0.011 0.095 
i'emper 0.021 0.115 
Low 0.035 0.119 
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and 0.035 in./in. for high, temper and low moisture, 
respectively. 

The ultimate hot deformations are: 0.095, 0.115 and 
0.119 in./in. for high, temper and low moisture. 

The hot deformation rate for the high, temper 
and low moisture sand is 0.22, 0.42 and 0.70. This 
increasing rate of accommodating deformation with 
decrease in moisture agrees with practice. For ex- 
ample lower moisture retards mold wall fracture. Con- 
sequently, scrap losses from rat tails, buckles, or 
expansion scabs are reduced. 

The hot deformation rate factor is preferred over 
the hot deformation at a chosen load because it is 
based on a unit load and adaptable to all sands. 


Hot Deformation Rate Is Affected by Additives 


The hot deformation rate of a sand at elevated 
temperatures can be changed through the use of 
additives. This is shown graphically in Fig. 6 and 
the test data is tabulated in Table No. 3. 

The hot deformation rate in the 500 to 1500 F 
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Fig. 5—Stress-strain diagrams for sands with low temper and 
high moisture content. 


temperature range is increased by the addition of 
wood flour and cereal. It is actually reduced by the 
addition of sea coal, pitch and silica flour in this 
temperature range. 

Wood flour, sea coal, pitch, and cereal greatly in- 
crease the hot deformation rate at 2000 F. Sea coal 
imparts the greatest increase. An addition of 15 per 
cent silica flour reduces the hot deformation rate to 
less than one-half that of the original sand without 
silica flour, up to 2000 F in air with no contamination 
of the sand. The behavior of such mixes above 2000 
F and with iron oxide contamination has not been 
investigated. This agrees with some metal casting ex- 
perience in which mold wall fracture is exaggerated 
by large additions of silica flour. 


TABLE 3—HOT DEFORMATION RATE IS 
AFFECTED BY ADDITIVES 


500 F 1000 F 1500 F 2000 F 
Hot Hot Hot Hot 
Defor- Defor- Defor- Defor- 
mation mation mation mation 
Additive Rate Rate Rate 


No additive 0.036 0.044 
15% Silica Flour 0.034 0.029 
2% Wood Flour 0.078 0.078 
1% Cereal 0.060 0.104 
3% Pitch 0.032 0.026 
5% Sea Coal 0.035 0.027 
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Fig. 7—Blending of bonds affects 
hot deformation rate. 
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Hot Deformation Rate Is Affected by Bentonite Blends 


A fairly general practice is to blend western and 
southern bentonites. These blends affect the rate of 
hot deformation, as illustrated in Fig. 7. When the 
ratio of western bentonite exceeds or equals that of 
southern bentonite, the rate of hot deformation does 
not increase over that of all western bentonite. How- 
ever, a blend of 1 per cent western bentonite and 
8 per cent southern bentonite (Fig. 7) exhibits the 
greatest rate of deformation at 2000 F and 500 F. 

Both AFS Committees 8-J and 8-L Reports, in 1958 
AFS Transactions, have found a test temperature of 
1800 F better for correlating mold fracture scrap. 
Thus one can place the most emphasis on the 2000 
F temperature deformation rate. Judging from hot 
deformation rate test data, a blend of 1 part western 
bentonite and 2 parts southern bentonite plus a suit- 
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Fig. 6—Sand additives affect the hot defor- 
mation rate. 
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able additive may well form a good mix to retard 
mold wall fractures, but must be proven for any 
given metal and operating conditions by casting tests. 


Hot Toughness 


The hot toughness of a molding sand at elevated 
temperatures is used by some investigators as a gage 
to sand erosion resistance. Hot toughness varies for 
different bonds, additives, and temperature ranges. 
In Fig. 8 the hot toughness of different bonds is 
shown at various temperatures. 

The hot toughness of all bonds shown is low at 
500 F and 1000 F. Some investigators consider this 
a danger zone in reference to reduction of dirt in- 
clusion scrap. 

The following bonds have peaks of hot toughness: 
4 per cent western bentonite with 15 per cent silica 
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Fig. 8—Hot toughness of sands is 
affected by blends of bonding ma- 
terial. 


HOT TOUGHNESS 


flour has maximum toughness at 1500 F; the mix 
containing 1.75 per cent western bentonite, 1.75 per 
cent southern bentonite and 3.50 per cent fire clay 
reaches a maximum at 2000 F. 

Southern bentonite is lowest in hot toughness at 
2000 F. The 4 per cent western bentonite, 15 per 
cent silica flour mixture is second low at 2000 F. 


A mixture of this type should have fire clay to bolster 
the 2000 F hot toughness. Of the single binders, fire 
clay has the highest 2000 F hot toughness. 

More research work should be done to determine 
what blends of bonds and additives will yield the 
most uniform and adequate hot toughness through- 
out the mold temperature range. 


CONCLUSIONS 


A summary of salient points from this paper may 
encourage foundrymen to give more thought to the 
important sand property—hot deformation: 

1) The need for hot deformation arises because sand 
grains grow or expand when heated by molten 
metal. 

2) Hot deformation is one means that a sand possess- 
es to accommodate such expansion. Sand grain 
expansion places the face of a mold in a compres- 
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sive load. As the load increases the sand mold 
face will undergo hot deformation, relieving ex- 
cessive compressive loading. If the sand mold face 
is unable to relieve the load by deformation, grain 
growth will build up sufficient compressive stress 
to buckle the sand mold face. 

Sand will expand at a progressive rate; thus one 
should measure and numerically express the ac- 
commodating hot deformation as a rate factor 
at relative low loads and not at rupture load. 
The hot deformation rate factor is a possible meth- 
od for evaluating sands as to their safety factor 
in reference to mold surface fracture tendencies. 
Ultimate hot deformation is useful in evaluating 
the hot toughness of sand in reference to dirt in- 
clusions, cuts and washes. 

The hot deformation rate at 2000 F may be in- 
creased by the following: 

a) Addition of cellulose materials; 

b) Addition of cereal binders; 

c) Addition of sea coal; 

d) Addition of pitch; 

e) Working sand on dry side of temper; 

f) Working sands with ample clay substance; 
g) Limiting fines. 





HARDENABILITY OF PEARLITIC MALLEABLE IRON 
| Report of A.F.S. Pearlitic Malleable Committee (6E)* 


by 


R. W. Heine* 


During the past two years this committee has au- 
thored reports entitled “Comparison of Properties of 
Liquid and Air Quenched Pearlitic Malleable Irons, 
Part I and Part II.” Part I, Transactions, AFS, vol. 
64, p. 91-97, 1956, reported details of processing all 
the A.S.T.M. grades of pearlitic malleables made by 
foundries practicing duplex melting. Part II, TRaANsac- 
tions AFS 1957, continued this subject for foundries 
producing pearlitic malleables by the cold-melt melt- 
ing practice and for both melting processes combined 
with alloying. 

Heat treatments used by the foundries for produc- 
ing all the A.S.T.M. pearlitic malleable grades were 
described in detail in these first two reports. How- 
ever, heat treatments employed by the foundry are 
not necessarily the final heat treatment applied to the 
finished castings. The purchaser or user of the casting 
may wish to apply the final heat treatment used to 
develop the mechanical properties desired in the 
casting. Castings may be purchased in a soft condition 
for machining and may later be hardened. For other 
processing reasons, the castings may be supplied in 
one condition of heat treatment and heat treated 
after the processing is completed. 

Pearlitic malleable permits this to be done, since 
it may be heat treated by the quench-hardening 
and tempering treatments that are applied to steels. 
Heating to a temperature of 1475 to 1600 F, holding 
at temperature for a suitable period of time, followed 
by quenching can produce full hardening as in the 
case of steels. After hardening, tempering at temper- 
atures selected to produce the desired hardness and 
strength may be employed as is done with steels. 
For these treatments, it is frequently desirable for 
metallurgists and engineers to have available infor- 
mation that describes the response of the metal to 


*Members of AFS Pearlitic Malleable Committee (6-E) are 
as follows: R. W. Heine, University of Wisconsin, Madison, 
Chairman; A. H. Karpicke, Saginaw Malleable Iron Plant, Cen- 
tral Foundry Div., General Motors Corp., Saginaw, Mich., 
Vice-Chairman; W. M. Albrecht, Chain-Belt Co., Milwaukee; 
J. E. Kruse, Albion Malleable Iron Co., Albion, Mich; J. H. 
Lansing, Malleable Founders’ Society, Cleveland; Milton Tilley, 
National Malleable & Steel Castings Co., Cleveland; W. C. 
Truckenmiller, Albion Malleable Iron Co., Albion, Mich.; P. 
F. Ulmer, Link-Belt Co., Indianapolis, Ind.; and E. N. Wheel- 
er, Belle City Malleable Iron Co., Racine, Wis. 


hardening. Usually this information is reported in 
the form of Jominy end-quench hardenability curves. 
Presentation of end-quench hardenability curve data 
is the purpose of this report. 


HARDENABILITY TESTS 


Six foundries submitted castings for Jominy end- 
quench hardenability tests. The test bars were in the 
form of castings 1%4-in. diam. by 6 to 8 in. long, having 
the chemical analyses reported in Table I. As received, 
the castings had been heat treated by conventional 
methods for producing pearlitic malleable. A portion 
of the bars had been liquid-quenched and a portion 
air-quenched prior to tempering, according to the 
normal practice of the foundry supplying the bars 
as described in references 1 and 2. The castings were 
machined to the standard hardenability test bar size 
of 1.0 in. diam. by 4.0 in. long. 

After machining the castings were heated to 1500 
F or 1600 F, held for 30 min, and then quenched with 
the water spray in the standard Jominy end-quench 
hardenability fixture. After cooling, 0.015-in. flats were 
ground on opposite faces of the bars, and Rockwell 
hardness measurements were made at 1/16-in. inter- 
vals from the quenched end. The results are plotted 
in Figures 1 through 9. The figures permit the follow- 
ing conclusions to be stated. 

1) Similar hardenability curves are produced regard- 
less of whether liquid or air quenching is employed 
by the foundry as a part of the prior pearlitic 
malleable heat treatment. 

2) Austenitizing the bars at 1600 F raises the hard- 


TABLE 1—CHEMICAL COMPOSITION— 
HARDENABILITY TEST BARS 





Plant 
Designation® Cc Si Mn Pp S Cr Ni 


245 144 053 0.02 0.151 0.024 0.065 

246 1.38 0.45 0.056 0.185 0.038 

2.59 140 043 0.05 0.128 0.018 

240 0.97 0.74 0.115 0.093 0.02 0.03 
Cu 0.50 





I 2.30 1.15 0.31 0.11 0.078 tr. 
xX 2.46 145 0.45 0.080 0.140 0.02 

*Plants A,B,C,F, and I are the ones of the same code num- 
ber in references 1 and 2, previous reports of this committee. 
Plant X represents an additional source. 
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Fig. 1—Test Bar hardness, Plant A, air quench. Fig. 2—Test bar hardness, Plant A, liquid quench. 
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Fig. 3—Test bar hardness, Plant B, air quench. Fig. 4—Test bar hardness, Plant B, liquid quench. 
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Fig. 5—Test bar hardness, Plant C, air quenched initially. 
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Fig. 7—Test bar hardness, Plant F. 
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Fig. 6—Test bar hardness, Plant C, liquid quenched initially. 
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Fig. 8—Test bar hardness, Plant I. 
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Fig. 9—Test bar hardness, Plant X. 
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Fig. 13—Location on end-quenched Jominy hardenability speci- 
men corresponding to the center of round bars. 
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Fig. 12—Location of end-quenched Jominy hardenability speci- 
men corresponding to the center of plates. 


enability curve slightly compared with austenitiz- 
ing at 1500 F. 

3) The hardenability curves of irons from four 
foundries producing metal of similar chemical an- 
alysis fall in a remarkably narrow band. Figure 10 
for irons A, B, C, and X of similar analysis from 
four foundries illustrates this point. 


4) A lower hardenability curve was obtained for iron 
I having a low percentage of manganese and sili- 
con; iron I, Table I. This curve is illustrated in Fig. 
8. 

5) A higher hardenability curve was obtained for an 
iron specially alloyed with manganese; iron F, Ta- 
ble I. This curve is illustrated in Fig. 7. 


DISCUSSION 


The normal hardenability range of pearlitic malle- 
able as revealed in Fig. 10 reflects a lower maximum 
R, hardness than should be obtained from a fully 
hardened martensitic structure. This is due to the 
fact that the graphite nodules in the microstructure 
cause the average hardness to be lowered about 2 
to 3 points R,. If hardness tests are made of the 
matrix, avoiding the nodules through use of the Tukon 
hardness tester, the full hardness characteristic of 
martensite is obtained. This effect is illustrated in Fig. 
11 for iron from plant X, end-quenched by the stand- 
ard method from 1600 F. Figuie 11 shows that the 
matrix consistently develops higher hardness than 
the average hardness reported from standard R, 
tests. 

The normal hardenability range of pearlitic malle- 
able iron is summarized in Fig. 10 for irons of the 
analysis of A, B, C and X. The band shown in Fig. 10 
indicates that pearlitic malleable iron has end-quench 
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hardenability similar to 1340, 4045 alloy steels and 
others. 

The engineer may use the curves for estimating 
the response to quenching of castings in water or oil. 
Figures 12 and 13, taken from reference 3 for plates 
and cylinders, are presented to illustrate this point. 
On these figures, severity of quench, H of still oil is 
0.35 and still water 1.0. Thus, if a 1.0 in. D round is 
quenched in oil, from Fig. 12 the hardness expected 
in the center should be the same as the hardness 0.60 
in. from the sand of the hardenability bar. 

This hardness is about 37 to 43 R, on the band in 
Fig. 10. Figure 13 for plates can be used in a similar 
way. Of course, predictions of this type are subject 
to the limitations of accuracy known to those versed 
in the subject of hardenability as listed in reference 
3. However, the end-quench curves provide the means 
for comparison of hardenability of pearlitic malle- 
able iron with the hardenability of the various steels. 
The hardenability of the metal in turn determines 
the section size of castings which can be successfully 
hardened. 

At present, the section sizes of pearlitic malleable 
which can be hardened by conventional heat treat- 
ing are controlled by the intrinsic hardenability of 
the chemical analysis of the iron. Pearlitic malleables 
of higher hardenability could be made through alloy- 


ing as practiced in steels. 
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GASES IN CAST IRON WITH SPECIAL REFERENCE TO 


PICKUP OF HYDROGEN IN SAND MOLDS 


AN ACCOUNT OF RECENT WORK AND THE 
VIEWS OF BRITISH INVESTIGATORS 


J. V. Dawson* and L. W. L. Smith* 


The determination of the gases oxygen, hydrogen 
and nitrogen in cast irons presents a difficult prob- 
lem, but in recent years suitable techniques have 
been developed for this purpose.’ *»* Not the least 
among the problems is the provision of a suitable 
sample, but it has been shown that a small cylinder, 
chill-cast in a graphite mold, gives most reproducible 
results and is convenient to handle.’ This sample is 
not ideal for hydrogen determinations because of loss 
of hydrogen during cooling, but the results are suit- 
able for comparison. Tests have shown that the loss 
of hydrogen is small particularly when the total hy- 
drogen content is low. 

Metal has been sampled at a number of diverse 
plants covering a wide range of melting units and 
compositions. Oxygen contents ranged between 4 
and 100 ppm, nitrogen between 15 and 140 ppm, 
and hydrogen between 0.8 and 2.7 ppm in normal, 
unalloyed irons. These hydrogen figures may be slight- 
ly low due to the sampling method employed at 
the time. 

In the British Cast Iron Research Association’s lab- 
oratories a considerable amount of information on 
the effects of gases in cast iron has been obtained 
and a resume’ of the major points follows. 


Nitrogen® 

The addition of compounds such as ferro-cyanides, 
or ammonium compounds to the liquid metal gives 
considerable increases in nitrogen content. Nitrogen 
is a carbide stabilizer promoting the retention of 
eutectic carbide and pearlite in the as-cast structures 
and rendering these constituents more difficult to de- 
compose by annealing. Large additions of nitrogen 
can cause porosity to occur, but the amounts required 
are considerably greater than any found in commer- 
cial cast iron. 

Aluminum and titanium have a strong affinity for 
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° The British Cast Iron Research Association, Alvechurch, 
Birmingham, England. 
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nitrcgen and form very stable nitrides.* Small addi- 
tions of these elements to the liquid iron neutralize 
all the effects of nitrogen. The carbide-stabilizing 
influence of nitrogen and its neutralization by alu- 
minum and titanium is demonstrated here for malle- 
able iron. 

In the absence of aluminum and titanium the time 
required to complete the first-stage anneal was in- 
creased from 12 hr at 70 ppm nitrogen to 25 hr at 
185 ppm. There was a corresponding increase in the 
time for second-stage anneal from 27 to 85 hr. The 
additions of 0.01 per cent aluminum at 185 ppm ni- 
trogen or 0.02 per cent aluminum at 240 ppm ni- 
trogen produced irons annealing almost as rapidly as 
the untreated material. Similarly the addition of 0.03 
per cent titanium at 180 ppm nitrogen gave an iron 
annealing more rapidly than at 70 ppm nitrogen with 
no titanium addition, while at 255 ppm nitrogen not 
much longer was required than for the untreated 
samples. 


Oxygen 


It is very difficult to increase the oxygen content 
of cast iron to any extent. Plunging large quantities 
of iron oxide into a ladle of metal or bubbling oxygen 
through it results in an increase in the oxygen con- 
tent from perhaps 10 to 100 ppm in a low-silicon iron 
(0.5 per cent). Even so the oxygen content will fall 
within minutes to perhaps half this figure. Smaller 
increases are obtained as the silicon content is raised. 
From the limited thermodynamic data available it 
is understandable that the oxygen content should 
be low in view of the large amounts of carbon and 
silicon present. 

In considering the effects of oxygen, confusion can 
arise from relating the effects of “deoxidizer” additions 
to the removal of available oxygen from the melt 
rather than to the addition of the element itself. Un- 
less it can be shown that a change in oxygen content, 
in the absence of other composition changes, produces 
a carbide-stabilizing effect, it is not advisable to attrib- 





Fig. 1—The effect of oxygen on chill depth. No aluminum. 


ute a stabilizing effect to oxygen on the grounds 
that a small addition of, say, aluminum produces a 
graphitizing effect, particularly when additions larger 
than those required to combine with the oxygen con- 
tinue to have the same effect. Losses of silicon and 
carbon occur when large quantities of oxide are add- 
ed to cast iron, and these will have a stabilizing effect. 

The fractures of a set of chill blocks with oxygen 
contents ranging from 10 to 80 ppm are shown in 
Fig. 1. Considering the relatively large increase in 
oxygen content, it has had no marked effect, particu- 
larly as a small loss of silicon occurred through the 
series. 

When a deoxidizer is first added, however, the 
oxide addition has a marked effect on chill depth. The 
fractures shown in Fig. 2 are (left to right) from un- 
treated iron, after 0.01 per cent aluminum added in 
the furnace and increasing ladle additions of oxide 
to give a maximum oxygen content of 70 ppm. The 
initial decrease in chill depth produced by the alumi- 
num is removed as the oxygen content is increased. 
Without the knowledge that aluminum was present 
this experiment would suggest that oxygen (or the 
addition of iron oxide) has a chilling tendency. 

Similarly, increasing the oxygen content of a malle- 
able iron from 15 to 110 ppm had no effect on its 
annealability.* After an initial addition of 0.01 per 
cent aluminum, subsequent oxide treatments removed 
the graphitizing effect of the aluminum to give an 
apparent carbide-stabilizing effect due to oxygen. 

Other trace elements might be expected to give 
different apparent effects, dependent upon the prop- 
erties they normally confer. 


Hydrogen 
Cast iron usually contains between 1 and 2 ppm of 
hydrogen. The presence of moisture in any of the 
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refractory materials used in the foundry will tend 
to raise this hydrogen content. For instance, in the 
first few taps from a cupola, after fettling and patch- 
ing, hydrogen contents as high as 3.5 ppm have 
been recorded, while later taps from the same blow 
have contained only 1.2 ppm hydrogen. Similarly. 
there is usually little difference in the hydrogen con- 
tent of a sample taken direct from the furnace spout 
and one taken from a well used and dried ladle 
filled at the same time. But, if the ladle used has 
been patched or allowed to become damp, as much 
as 100 per cent increase in hydrogen content may 
occur. 

The hydrogen content of molten iron may be de- 
liberately raised by bubbling hydrogen through the 
metal or by holding a plunger filled with damp sand 
below the surface of the metal. Bubbling a dry gas 
such as argon or carbon dioxide will reduce the hy- 
drogen content to some extent, although some pre- 
cautions must be taken to prevent the metal splash- 
ing up into the moist air above the surface and thus 
picking up as much hydrogen as it is losing to the 
scavenger gas. 

In normal flake-graphite irons the variations in hy- 
drogen content of the liquid iron met with in normal 
foundry practice do not appear to have any significant 
effect except that, very occasionally, gross blow-holes 
can occur from high hydrogen contents. 

Dawson et al® have considered a specialized case 
in which titanium is added in order to produce under- 
cooled graphite structures. High hydrogen contents 
prevent this formation of undercooled graphite and 
the removal of hydrogen by bubbling dry gas gives 
under-cooled graphite again. 


Fig. 2—The effect of oxygen on chill depth. 0.01% aluminum. 
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Hydrogen Pickup from Sand Mold 
So far no reference has been made to the most 


important factor of all, that is, the sand mold. 

As the hydrogen content can be raised by plunging 
damp sand into the liquid iron it seems reasonable 
to expect this to occur when the metal is cast into 
a sand mold. The hydrogen pickup occurs from the 
reduction of water vapor by the iron and various 
elements dissolved in the iron. 

A sand mold has been designed in which the liq- 
uid metal can be sampled after passing over sand. 
This consists of a down-runner leading to a horizon- 
tal channel 17 in. long by %-in. deep by 1%-in. wide, 
terminating in a small boss with an overflow hole 
cut from the far side. Metal, after passing along the 
channel, can be collected in a chill mold placed 
underneath the overflow hole. For each test a sample 
of metal is taken straight from the ladle in another 
chill mold. The difference between the hydrogen 
contents of the two samples gives an indication of 
the metals tendency to pickup hydrogen from this 
particular mold. Obviously, no absolute figure can be 
obtained because of the infinite variations in mold 
design, but the figures are comparable. 

During preliminary tests with this mold a number 
of types of iron were sampled after pouring through 
green (5 per cent H2O) and dry sand molds. Normal 
black sand (i.e., with coal dust) was used and the dry 
molds were oven dried overnight. The results are 
summarized in Table 1. 

There is a definite pickup after pouring through 
sand molds, and this is greater in green sand than 
in dry sand molds. A high manganese austenitic iron 
picked up very much more hydrogen than did the 
other irons. 


PINHOLE DEFECT AND ITS RELATION TO 
HYDROGEN PICKUP 

Pinholing consists of a layer of small blowholes sit- 
uated just below the casting skin. They are often 
only revealed by heavy shot-blasting or skin-machin- 
ing. 

Pinholes probably arise from various causes in dif- 
ferent materials, but it is those which occur in flake 
and nodular graphite cast irons which will be dis- 
cussed here. 

Gittus!® has suggested that magnesium is the cause 
of pinholing in nodular castings, and showed that 
additions of bismuth or tellurium or more than 0.2 per 
cent aluminum prevented pinholing. The addition of 


19 


6 per cent coal dust or 2 per cent pitch to the sand 
also minimized the pinholing tendency. 
Appearance of Pinholes 

Close examination of the defect when seen on a 
fractured face reveals the presence of a continuous 
graphite film on the surface of the holes. Examples of 
this are shown in Figs. 3 and 4, which show pinholes 
broken open. In some cases the film of graphite has 
been pulled out of the other half of the pinhole and 
remains as a thin-walled graphite “bag” in the half 
shown. 


SIGNIFICANCE OF GRAPHITE FILMS 


Bernstein" found that a film of graphite formed 
on the surface of white iron heated to 1000 C in 
pure dry hydrogen, even though no other graphitiza- 
tion took place. The present authors have found that 
this occurs when white iron is annealed in pure argon 
or in vacuum with normal graphitization also taking 
place. Figure 5 shows the edge of a sample annealed 
in argon. 

Similarly, when a cast iron ingot is melted and 
cooled in high vacuum a film of graphite forms rapid- 
ly on the surface just prior to, or during the solidifi- 
cation of the eutectic. When viewed under the mi- 
croscope this film is divided by a series of grain 
boundries or cracks in a general hexagonal pattern. 
The graphite appears to be arranged with its basal 
plain parallel to the surface of the ingot, giving specu- 
lar reflection as shown in Fig. 6. 

A similar pattern is found on the graphite found 
in pinholes, although sometimes it is obscured by a 
more prominent pattern of concentric rings. 

The important point arising from these observations 
is that the gas contained in the pinhole is likely 
to be of an inert or reducing nature. Blowholes 
caused by excess hydrogen frequently are coated 
with graphite and have bright, shiny surfaces. 

From this somewhat tenuous reasoning it was thought 
that pinholes may arise from a liberation of hydrogen 
near the surface of a casting just as the casting skin 
is formed, this hydrogen arising from a mold/metal 
reaction. The following series of experiments were 
carried out to some extent to investigate this. The 
melts were carried out in oil-fired crucible furnaces 
using salamander crucibles. A standard pinhole test 
piece was used, consisting of a series of small plates 
of various thicknesses cast as shown in Fig. 7. These 
plates were all shot-blasted for 20 min before examin- 
ing for pinholes. 


TABLE 1 — PRELIMINARY TESTS 





Metal Composition, % 


Hydrogen, ppm*® 





T.C, Si Mn S 


Before After After Pickup 
Casting Green Dry Sand in Green 
Sand Sand 





3.1 1.8 0.5 0.01 0.02 
2.8 1.0 0.6 0.08 0.06 
8 


3.2 0. 0.6 0.07 0.02 
3.4 2.4 7.2 0.03 0.47 
3.3 2.2 6.9 0.02 0.49 
* parts per million. 100 ppm = 0.0] per cent. 








2.3 1.3 
1.7 z 0.7 
1.8 . 0.6 
1.8 0.8 
4.9 3.2 
5.1 ’ 3.2 
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Effect of Manganese 


In Experiment 1, overflow molds and pinhole plates 
were cast in normal black sand (+6% coal dust and 
5% HzO) and in red sand (+5% H2O) from a series 
of taps with increasing manganese contents up to 
4.5 per cent manganese. The chemical analyses are 
given in Table 2 and the red sand hydrogen results 
in Table 3 and Fig. 8. These show that extremely high 
hydrogen pickup occurs with high manganese contents. 

Fairly severe pinholing occurred in the plates with 
manganese contents over 3 per cent cast in red sand 
but only very slight pinholing occurred in black 
sand. The %-in. plates cast in red and black sand are 
shown in Fig. 9. 


TABLE 2— CHEMICAL ANALYSIS OF MELT 1 


Composition, % 
Tap No. Tz. i Mn S P 


la 3.11 0.58 0.015 0.58 
lb . 1.44 = 

lc , 2.24 — 

ld é 3.00 - 

le - 3.68 - _ 
lf 4.41 0.019 0.58 


Fig. 3—Graphite films in pinholes. 20. 
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Fig. 4—Graphite films in pinholes. x20. 


Effect of Aluminum 


The association of pinholing with the presence of 
aluminum has long been suspected. The analyses of 
a series of hematite-base irons with increasing addi- 
tions of aluminum up to 0.2 per cent aluminum are 
given in Table 4 (Experiment 2). Hydrogen pickup 
figures in red and black sand are shown in Table 5, 
and plotted in Fig. 10. 

The great increase in hydrogen pickup with as 
little as 0.01 per cent aluminum is remarkable, and 
this increase continues up to 0.04 per cent aluminum. 
Above 0.1 per cent the pickup begins to fall again. 
In general, black sand gave slightly higher pickup 


TABLE 3— HYDROGEN PICKUP IN MELT 1 


Hydrogen, ppm 
Tap No. Mn, % 
Pickup in Black Sand 


la 0.58 0.36 
lb 1.44 1.21 
Ic 2.24 2.83 
ld 3.00 4.21 
le 3.68 6.18 
lf 4.41 5.96 
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Fig. 5—Graphite film on the edge of an argon-annealed sample. 


Fig. 6—Surface film of graphite on a vacuum melted ingot. 
x 100. 


than red sand. Severe pinholing occurred in the thin 
plates cast in red sand from metal with aluminum 
contents between 0.01 and 0.10 per cent. The 3/16-in. 
plates cast in red sand with no aluminum and 0.10 
per cent aluminum are shown in Fig. 11. No pinholing 
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Fig. 7—Pattern of pinhole test piece. 


occurred in the black-sand castings. This is contrary 
to what would be expected from the hydrogen pick- 
up figures. 


Effect of Titanium 

Swedish charcoal iron was used in place of hematite 
pig in Experiment 3, which was otherwise a repeat 
of Experiment 2. The chemical analyses are given 
in Table 6 and the hydrogen figures in Table 7 and 
Fig. 12. These results are the same as from the pre- 
vious test but this time no pinholing occurred in 
any plates. 

The major difference between the analyses in the 


TABLE 4— CHEMICAL ANALYSES OF MELT 2 





Composition, % 





Tap 
No. T.C. Si Mn S P 


Qa 8.45 2.50 0.52 0.025 0.65 
2b _ 2.52 0.51 _ _ 
2c _ 2.59 0.51 _ - 
2d _ 2.60 0.51 ~ _ 
2e _ 2.50 0.51 _ _ 
N.D. = not detected. 








TABLE 5 — HYDROGEN PICKUP IN MELT 2 





Hydrogen, ppm 





Aluminum 
content, Pickup in Green Pickup in Green 
% Red Sand Black Sand 


Nil 0.20 0.32 
0.01 1.58 1.77 
0.04 . 2.48 
0.10 1 2.53 
0.20 : 1.50 
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Fig. 8—Effect of manganese on hydrogen pickup. 


two experiments was in titanium content. Experiment 
4 was based on Swedish iron and a series of titanium 
additions were made. Two aluminum additions were 
also made, one with and one without titanium. The 
chemical analysis are given in Table 8 and the hy- 
drogen figures in Table 9 and Fig. 13. Titanium did 
not significantly affect the hydrogen pickup but pin- 
holing only occurred in the metal which contained 
titanium and aluminum. 

In order to show quantitatively the amount of ti- 
tanium required to enable aluminum to give pinhol- 
ing, Experiment 5 had increasing additions of titani- 
um in the presence of a constant addition of aluminum. 
The chemical analyses are given in Table 10 and 
the hydrogen figures for red sand in Table 11 and 
Fig. 14. 
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Fig. 10—The effect of aluminum on hydrogen pickup. 


TABLE 6— CHEMICAL ANALYSES OF MELT 





Composition, % 





Tap 
No. TC. Si } S P Al 


3a 3. . ' 0.015 0.59 N.D. 
3b _ 2. . = ~ <0.01 
8c — , . _ _ 0.015 
8d - : . _ _ 0.10 
8e ~ 5 . _ _ 0.15 
3f 3.49 2.51 iy 0.012 0.60 0.20 
N.D. = not detected. 








TABLE 7—HYDROGEN PICKUP IN MELT 3 





Hydrogen, ppm, 





Pickup in Pickup in 
Tap No. Al, % Red Sand Black Sand 


3a N.D. 0.26 0.39 

3b < 0.01 0.97 1.24 

3c 0.015 1.41 2.02 

3d 0.10 1.67 2.26 

3e 0.15 1.36 2.06 

3f 0.20 0.95 1.63 
N.D. = not detected 








Again titanium has had very little influence on the 
hydrogen pickup. No pinholing occurred in the pres- 
ence of aluminum when the titanium content was 
less than 0.02 per cent, but severe pinholing occurred 
from the aluminum when the titanium content was 
more than 0.02 per cent. The %-in. plates cast in red 
sand are shown in Fig. 15. 


Fig. 9—The effect of manganese on 
pinholing in red sand (top) and 
black sand. 
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TABLE 8—CHEMICAL ANALYSES OF MELT 4 





, 


Composition, % 
Mn S 
0.47 0.017 
0.51 0.015 
0.49 0.015 
0.51 0.015 
0.50 0.014 
0.48 0.014 
0.48 0.014 


Fig. 11—Pinholing due to aluminum. 3.39 0.48 0.016 
N.D. = not detected. 











TABLE 9—HYDROGEN PICKUP IN MELT 4 





Hydrogen, ppm 
Pickup in 
Tap No. Ti, % Al, % Red Sand 











4a 0.02 . 4 0.06 
4b 0.16 : 0.31 
4c 0.11 : 0.21 
i i L l 4d 0.07 .D. 0.49 
o-O8 O12 0-16 0-20 4e 0.05 , 0.22 
Aluminium % 4f 0.02 : 0.21 
iit sation at aed 9 

Fig. 12—Effect of aluminum on hydrogen pickup with no titan- “ nen , ” 

om. N.D. = not detected. 





Hydrogen pick-up p.p.m. 











RPM 





TABLE 10—CHEMICAL ANALYSES OF MELT 





Composition, % 

TapNo. T.C.. Si Mn S 
5a 3.48 265 051 0.018 
_ : i 5b 3.48 267 051 0.017 
5c 3.51 2.60 050 0.017 

o 0:04 0-08 0-12 O16 5d 348 2.71 051 0.019 


Titanium » 3 Be 3.35 2.64 050 0.020 
meade Neneneaiie se 5f 3.40 265 0.49 0.017 


Fig. 13—Effect of titanium on hydrogen pickup. No aluminum. N.D. = not detected. 
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TABLE 11—HYDROGEN PICKUP IN MELT 5 





Hydrogen, ppm 
Pickup in 
Tap No. Ti, % y Red Sand 


5a 0.01 ; 0.19 
5b 0.01 1.48 
1 l 1 l 5c 0.015 1.63 
oO! 0-02 0-03 0-05 5d 0.020 1.63 

Titanium % _ 5e 0.035 1.76 
Fig. 14—Effect of titanium on hydrogen pickup. With alumi- reed not POR ; _ 
num. 

















Fig. 15—Pinholing due to alumi- 
num and titanium. 
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A number of noteworthy points arise from the 
above series of experiments. Small additions of alumi- 
num greatly increase the hydrogen pickup from the 
sand mold and can cause pinholing in red-sand cast- 
ings when titanium is also present. The pickup in 
black sand is greater than in red sand, but pinholing 
is very much less likely to occur. The absence of 
titanium does not reduce the hydrogen pickup but 
it does reduce the pinholing tendency. There is there- 
fore only a limited correlation between hydrogen pick- 
up and the tendency to pinholing. 


Effect of Magnesium 

Gittus’ has suggested that magnesium is the cause 
of pinholing in nodular iron castings. 

A series of increasing nickle/magnesium additions 
were made in Experiment 6, the analysis of which 
is given in Table 12. The hydrogen pickup results 
are shown in Table 18 and plotted in Fig. 16. 


TABLE 12—CHEMICAL ANALYSES OF MELT 6 





Tap Composition, % 
Ma. TL. Si Mn S P Ni Mg 


6a 3.04 199 0.56 0.024 0.045 <0.10 <0.005 
6b - 1.91 0.56 0.019 - 0.19 <0.005 
6c - 197 0.62 0.022 - 0.39 0.026 
6d - 190 060 0.021 - 0.71 0.051 
6e _ 197 061 0.022 - 1.12 0.093 











TABLE 13—HYDROGEN PICKUP IN MELT 6 





Hydrogen, ppm 





Pickup in Green Pickup in Green 
Tap No. Red Sand Black Sand 


6a < 0.005 0.31 0.40 
6b < 0.005 0.20 0.42 
6c 0.026 0.70 0.67 
6d 0.051 1.38 1.20 
6e 0.093 1.88 2.53 


Magnesium 
Content, % 








The hydrogen pickup is proportional to the magne- 
sium content, and it is quite high at 0.1 per cent 
magnesium. Again the figures are a little higher in 
black sand than in red sand. 

No pinholes occurred in any of the plates at any 
level of magnesium. 


EFFECT OF FERRO-SILICON AND ALUMINUM IN 
NODULAR IRON 

Nodular iron is usually inoculated with ferro-silicon 
and ferro-silicon contains a small percentage of alu- 
minum. 

In Experiment 7 additions of ferro-silicon and addi- 
tions of aluminum equivalent to that in the addition 
of ferro-silicon (2.7 per cent aluminum) were made 
at two levels of magnesium. The analyses are given 
in Table 14. The red sand hydrogen figures are given 
in Table 15 and shown diagrammatically in Fig. 17. 
At each magnesium level the ferro-silicon and alumi- 
num have given similar increases in hydrogen pickup. 

In the absence of ferro-silicon or aluminum no pin- 
holing occurred at either magnesium level. Severe 
pinholing was found in red sand castings with both 
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Fig. 16—Effect of magnesium on hydrogen pickup. 
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Fig. 17—Effect of aluminum on hydrogen pickup in nodular 
graphite iron. 


TABLE 14— CHEMICAL ANALYSES OF MELT 7 





Composition, % 





Tap No. T.C. Si Mn s i Mg Al Ti 
“3.2: 0.047 <0.01 0.03 








7a 3.23 1.75 0.020 
7 3.21 1.80 0.52 0.019 s 0.039 002 — 
7e 3.03 2.17 0.50 0.020 d 0.043 0.015 — 
7d 3.17 1.84 0.53 0.017 d 0.12 <0.01 - 
Je 3.17 1.79 0.52 0.013 — P 0.11 002 — 
7£ 3.01 2.17 0.024 0.049 1. 0.11 0.015 0.03 





TABLE 15— HYDROGEN PICKUP IN MELT 7 





Hydrogen Pickup in Red Sand, ppm 





No Aluminum Fe-Si 


Mg,% AIl,% Treatment Added Added 


0.047. <0.01 1.13 _ 

0.039 0.02 — 1.62 

0.043 0.015 - - 

0.12 <0.01 1.40 ~ 

0.11 0.02 - 2.25 

0.11 0.015 — _ 2.29 








TABLE 16 — CHEMICAL ANALYSES OF MELT 8 





Composition, per cent 





Tap No. T.C. Si Mn S P Ni Mg 


8a 3.20 1.91 d 0.022 0.066 1.13 
8b 3.20 1.82 0. . = 1.08 
8c 3.20 1.83 0. d - 1.13 
8d 3.19 1.86 0. id - 1.07 
8e 3.18 1.89 , 1.14 
8f 3.14 1.82 . 0.063 1.08 

N.D. = not detected. 








ferro-silicon and aluminum additions with 0.05 per 
cent magnesium, but this was almost completely sup- 
pressed by the 0.1 per cent magnesium addition. All 
the red sand cast plates with 0.05 per cent magne- 
sium additions are shown in Fig. 18. 

Previous work!’ had shown that more than 0.2 per 
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Fig. 18—Pinholes caused by the 
addition of aluminum or ferro-sili- 
con to nodular graphite iron. 


cent aluminum prevented pinholing occurring in nodu- 
lar iron castings. 

In Experiment 8, increasing aluminum additions 
up to 0.23 per cent aluminum were made in the 
presence of a normal constant magnesium addition. 
The chemical analyses are given in Table 16 and the 
hydrogen figures in red sand in Table 17 and Fig. 19. 

The aluminum sharply increases the hydrogen pick- 
up and then begins to reduce it. The %-in. plates 
cast in red and black sand are shown in Fig. 20. 
The first addition of aluminum which was 1 gram 
in 40 lb metal (less than 0.005%) has considerably 
increased the pinholing tendency in red sand, and 
this tendency has increased to a maximum at number 
4 which had 5 grams aluminum added to 40 Ib metal 
(0.028%). Above this addition the pinholing is re- 
duced again. 

Very little pinholing occurred in black sand though 


TABLE 17 — HYDROGEN PICKUP IN MELT 8 





Hydrogen, ppm 
Pickup in Red Sand 


1.19 


Tap No. 
8a ~ 
8b 1.43 
8c 1.84 
8d 0.69 
Se 1.80 
Sf 1.34 














Hydrogen pick-up ppm. 
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Fig. 19—Effect of aluminum on hydrogen pickup in nodular 
graphite iron. 


a number of large flaws were apparent on some of 
the plates. 

In view of the suppression of pinholing by the 
higher magnesium addition in Experiment 7 a series 
was prepared (Experiment 9) with a constant alumi- 
num addition and increasing additions of nickel, 
magnesium. The analyses are given in Table 18 and 
the hydrogen results for red sand in Table 19 and 
Fig. 21. 

In the presence of aluminum, magnesium increases 
the hydrogen pickup up to about 0.07 per cent mag- 
nesium and then begins to reduce it again. 

No pinholing occurred in the black-sand castings 
and pinholing only occurred in the plates with 0.038 
and 0.067 per cent magnesium, cast in red sand. 


| =| 
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Fig. 20—Effect of aluminum on 
pinholing in nodular graphite iron. 





TABLE 18 — CHEMICAL ANALYSES OF MELT 9 





Compesition, % 
Mn S P 


F 0.049 0.058 
4 0.029 - 5 <0.01 
4 0.021 - é 0.021 
.4 0.019 - . 0.038 
50 0.013 - : 0.067 
5 0.014 0.048 ‘ 0.12 











19 — HYDROGEN PICKUP IN MELT 9 





Hydrogen, ppm 
Mg, % Pickup in Red Sand 


<0.01 1.12 
<0.01 0.92 
0.021 1.05 
0.038 1.93 
0.067 2.36 
0.12 1.96 








TITANIUM EFFECT ON PINHOLING IN 
NODULAR IRON 

All the above melts in the magnesium sections were 
based on hematite pig iron containing 0.1 per cent 
titanium, and it is fairly obvious that, in the absence 
of aluminum, titanium does not cause pinholing even 
when magnesium is present. 

In Experiment 10, Swedish iron was used instead 

of hematite, and a series of titanium additions were 
made in the presence of constant additions of alumi- 
num and magnesium. The chemical analyses are 
shown in Table 20, and the hydrogen results in red 
sand in Table 21 and Fig. 22. 
Although there is rather a wide scatter the titanium 
has not had any consistant effect on the hydrogen 
pickup. The %-in. plates in red and black sand are 
shown in Fig. 23. Although pinholing can occur in 
red sand castings with magnesium and aluminum and 
no titanium, it is much more likely to occur when 
titanium is also present. 

The major point arising from the foregoing series 


TABLE 20 — CHEMICAL ANALYSES OF MELT 10 





Composition, % 
Si Mn S P Ni Mg Al Ti 
9 0.014 0.020 0.76 0.063 N.D. <0.01 
9 oa 








- 0.76 0.063 0.015 <0.01 
0.014 — 0.73 0.059 0.015 0.02 
- — 0.70 0.064 0.015 0.04 
- - 71 0.057 0.015 0.06 
0.005 0.020 0.059 0.015 0.17 


. 


50 
48 
9 





TABLE 21 — HYDROGEN PICKUP IN MELT 10 





Hydrogen, ppm 
Tap No. Al, % Ti, % Pickup in Red Sand 
10a N.D. <0.01 
10b 0.015 
10c 0.015 
10d 0.015 
10e 0.015 
10f 0.015 
N.D. = Not detected. 
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Fig. 21—Effect of magnesium in the presence of aluminum on 
hydrogen pickup. 
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Fig. 22—Effect of titanium on hydrogen pickup in nodular 
graphite iron. 
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of experiments is that although magnesium by itself 
does not give pinholing, very minute traces of alumi- 
num will give pinholing in the presence of magnesium, 
particularly if titanium is also present. 


HYDROGEN CONTENT EFFECT 


In all the previous experiments, whenever pinhol- 
ing has occurred the hydrogen pickup has been high, 
although the converse is not true. It would appear, 
therefore, that hydrogen plays an important part in 
the formation of pinholes, but it is not the only factor. 
It appears reasonable to expect that increasing the 
initial hydrogen content of the metal before casting 
might increase the tendency of an iron to pinhole. 
No effect was found from increasing the initial hydro- 
gen content from 1 to 3 ppm, but this may be an 
insignificant increase compared with the increase 
which occurs locally at the casting skin when pinholes 
form. 


OTHER ELEMENTS EFFECT 


Bismuth was reported to suppress pinholing in nodu- 
lar iron. The pinholing in a gray iron due to the 
addition of 0.03 per cent aluminum was suppressed 
by the addition of 0.02 per cent bismuth, but no 
change in hydrogen pickup was found. 

Other experiments have been carried out with sul- 
fur, boron and vanadium, both with and without 
aluminum. No effect on pinholing or hydrogen pickup 
was found. 
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Fig. 23—Effect of titanium on pin- 
holing in nodular graphite iron. 


TABLE 22 — HYDROGEN PICKUP IN MELT I11 





Hydrogen, ppm 
Tap No. Pitch in Sand, % Pickup in Sand Mold 
lla Nil 
llb 0.22 
lle 0.35 
lld 9.65 
lle 1.87 


lif 3.18 








Fig. 25—Pinholing suppressed by 
pitch in the sand. 


TABLE 23 — HYDROGEN PICKUP IN MELT 12 





Hydrogen, ppm 
Tap No. Woodflour in Sand, % Pickup in Sand Mold 


12a Nil 1.9 
12b 0.25 

12c 0.5 

12d 1.0 

12e 1.5 

12f 2.0 











ADDITIONS TO SAND EFFECT 


1. Coal dust. In all the previous experiments natu- 
ral red sand and red sand +6 per cent coal dust were 
used. In every case the sand with the coal dust almost 
completely suppressed the pinholing which occurred 
in the molds with no coal dust. Contrary to what 
might be expected from this, the hydrogen pickup 
tended to be higher in the presence of coal dust. 

2. Pitch. Gittus’® has shown that 2 per cent pitch 
in the sand suppressed pinholing in nodular iron. 

In Experiment 11 a series of red sands containing 
increasing pitch contents up to 3 per cent was used. 
Aluminum was added to the iron before casting in 
order to produce a strong pinholing tendency. The 
hydrogen figures are shown in Table 22 and Fig. 24. 
No consistant trend was evident with increasing pitch 
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Fig. 24—Effect of pitch on hydrogen pickup. 
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Fig. 26—Effect of woodflour on hydrogen pickup. 








contents. The %-in. plates from each tap are shown 
in Fig. 25 and it is obvious that more than 0.2 per 
cent pitch has suppressed the pinholing. 

8. Woodflour. Experiment 12 was a repeat of the 
previous pitch experiment with woodflour substituted 
for the pitch. The hydrogen figures are given in Table 
23 and Fig. 26. 

A small reduction in hydrogen pickup occurred as 
the woodflour content of the sand increased. 

The %-in. plates are shown in Fig. 27. There is a 
gradual suppression of pinholing as the woodflour 
content increases but it is not complete at 2 per cent 
woodflour. 





POURING TEMPERATURE EFFECT 


Preliminary experiments, not reported here, showed 
that decreasing the pouring temperature decreased 
the hydrogen pickup. An aluminum-containing iron 
was poured at a series of temperatures from 1450 to 
1270 C into red-sand molds in Experiment 13. The 
hydrogen pickup figures are given in Table 24 and 
Fig. 28. A reduction in pickup occurs as the tempera- 
ture drops from 1450 to 1400 C, but below that 
there is little change. 

In the thinner plates the pinholing tendency re- 
duced as the pouring temperature reduced, but in 
the thicker plates the converse was apparent. The 
%-in. and %-in. plates are shown in Fig. 29. 


CONCLUSIONS 


For the purpose of comparison each conclusion re- 
fers first to the pinholing tendency, and second to 
hydrogen pickup from the mold. 

1) Aluminum contents between 0.01 and 0.10 per 
cent cause pinholing in gray iron and very mark- 
edly increases the hydrogen pickup. 

2) Aluminum contents over 0.2 per cent reduce the 
pinholing tendency in gray iron and decrease 
the hydrogen pickup. 

3) If titanium is absent aluminum is less likely to 
cause pinholing in gray iron, but titanium has 
little effect on the hydrogen pickup either by 
itself or with aluminum. 

Magnesium contents up to 0.1 per cent in the 
absence of aluminum do not cause pinholing, but 
the hydrogen pickup increases proportionately. 
Extremely small amounts of aluminum cause pin- 
holing in the presence of 0.04-0.06 per cent mag- 
nesium, and also increase the hydrogen pickup. 
When the magnesium content is greater than 
0.1 per cent, aluminum is less likely to give pin- 
holing even though the hydrogen pickup is still 
increased by the aluminum. 
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Fig. 27—Effect of woodflour on 
pinholing. 
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Fig. 28—Effect of pouring temperature on hydrogen pickup. 








7) The aluminum content of commercial ferro-silicon 
can cause pinholing when used as an inoculant 
in nodular iron, and the hydrogen pickup is in- 
creased as with aluminum alone. 

8) Aluminum is more likely to cause pinholing in 
nodular iron when about 0.04 per cent titanium 
is present, although it can occur with very much 
lower titanium contents. The hydrogen pickup 
is unaffected by the titanium. 

9) Increasing the magnesium content above 0.1 per 


TABLE 24 — HYDROGEN PICKUP IN MELT 13 





Hydrogen, ppm 
Tap No. Pickup in Red Sand 
13a 1450 2.76 
13b 1420 2.02 
13c 1400 1.61 
13d 1350 1.71 
13e 1300 1.75 
13f 1.99 


Pouring temperature, C 








Fig. 29—Effect of pouring tem- 
peratures on pinholing, top %-in., 
bottom 5%-in. 
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cent in the presence of aluminum reduces the 
pinholing tendency and is inclined to reduce the 
hydrogen pickup. 

Aluminum in excess of 0.2 per cent reduces pin- 
holing in nodular iron and reduces the hydrogen 
pickup. 

Manganese contents over about 4 per cent give 
pinholing and an extremely high hydrogen pick- 
up. 

0.02 per cent bismuth additions limit pinholing 
in gray iron but do not affect the hydrogen 
pickup. 

Coal-dust additions to the sand considerably re- 
duce the pinholing tendency, but slightly increase 
the hydrogen pickup. 

The addition of pitch to the sand strongly reduces 
the pinholing tendency without affecting the 
hydrogen pickup. 


The use of woodflour in the sand reduces pin- 
holing a little and slightly reduces the hydrogen 
pickup. 

Lowering the pouring temperature tends to move 
the pinholing from thin to thick sections. The 
hydrogen pickup is reduced between 1450 and 
1400 C, but reducing the temperature below this 
has little effect on the hydrogen pickup. 


DISCUSSION 


In view of the fact that the hydrogen content of 
liquid iron can be raised by plunging damp sand into 
the iron bath, it is not surprising that a similar rise 
occurs in the sand mold. This hydrogen must come 
from decomposed water vapor. It would be expected 
that the presence of easily oxidizable elements in the 
iron would increase this decomposition. Increasing the 
pouring temperature should increase the rate of re- 
duction, and probably the rate of solution of the 
hydrogen released. 

It is surprising that, whereas aluminum, magnesium 
and manganese all encourage hydrogen absorption, 
this pickup is proportional to the magnesium and 
manganese contents but not to the aluminum content. 
(There is a little evidence that above 0.1 per cent 
magnesium this proportionality ceases and the pickup 
begins to fall again.) This may be due to a tenacious 
aluminum oxide layer which limits either the reaction 
with water vapor or the solution of hydrogen. 


Hydrogen Solubility 


When water vapor is decomposed by contact with 
molten iron, oxides, such as FeO, MnO, AleOs, etc., 
are likely to be formed, together with hydrogen gas. 
Thus, the more extensive the metal/moisture reaction 
the greater is the absorption of hydrogen likely to 
be. The solubility probably decreases with decreasing 
temperature and shows a very marked decrease on 
solidification. If the increased pickup is very great the 
gas will be evolved during solidification and give 
blowholes. The shape, distribution and nature of the 
blowholes will depend on the hydrogen content, the 
distribution of that hydrogen throughout the metal, 
and on the mechanism of solidification of the metal. 
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The mechanism of formation of pinholes is not 
completely clear, but their spheroidal character sug- 
gests that most of the iron is liquid when they are 
formed. Their position just below the casting skin sug- 
gests that they form just after the very first metal 
solidifies, and they probably contain gas evolved from 
this metal on solidification. If the pinholes were solely 
due to hydrogen pickup it would be expected that 
they would always form when the hydrogen pickup 
was high. This, however, is not the case, the effect 
of tianium in the metal being a good example. Ob- 
viously, there is some controlling factor. 


Factors Affecting Hydrogen 


This attempt to correlate pinholing with hydrogen 
pickup assumes that the overflow technique is fully 
representative. This may not be the case. In the 
overflow the metal traverses an area of sand in a tur- 
bulent manner, continually exposing new surfaces in 
contact with-sand, whereas in the plate castings, 
and in most commercial castings, there is only a short 
flow over sand before quiescent solidification takes 
place. It is possible that some factors may affect 
the total hydrogen pickup while others may only 
vary the rate of pickup. The overflow method may 
not distinguish between these. 

The contact angle between the metal and the sand 
may be one of these factors. The red sand appeared 
to be “wet” by the metal, whereas the black sand was 
not. Pinholing was rarely found in black sand even 
though the pickup was higher. 

From a practical viewpoint it appears that the 
foundryman can avoid the pinholing problem by using 
ample coal dust and/or pitch in his sand, and by 
avoiding combinations of aluminum and titanium in 
his metal. However, among the infinite variety of 
castings made in the industry, it is likely that there 
are some very much more prone to pinholing than the 
test plates used here. Also, some metal compositions 
may be more prone to pinholing than others. Indeed, 
since this work was carried out a number of industrial 
cases have been investigated in which the ccal dust 
or pitch in the sand would be considered ample on 
the basis of the above findings, and yet pinholing 
has been very serious. In all of these cases the prime 
cause has been traced to aluminum in the metal, 
originating from a variety of sources, and usually the 
stringent avoidance of this element has removed the 
defect. The more common sources of aluminum are 
light alloy pistons, covers, etc., on engine scrap, steel 
scrap heavily “killed” with aluminum, and aluminum- 
bearing inoculants such as ferro-silicon and S.M.Z. This 
last point is particularly important in nodular iron 
production, but some care has to be taken in using 
low aluminum inoculants as poor inoculation oan 
result.’” 
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OBSERVATIONS ON PINHOLE DEFECTS 
IN WHITE IRON CASTINGS 


Producers of malleable iron are occasionally plagued 
with pinhole defects on white iron castings. Several 
fundamental causes of pinholing exist, and a much 
larger number of associated variables influence the 
severity of the defect. Thus, when this problem arises, 
it is usually difficult to ascertain the exact cause of 
the pinholing anc to prescribe remedial measures. 
This article summarizes some basic causes of pinhol- 
ing, related foundry variables, and the likely reme- 
dies. 


TYPES OF PINHOLES 


Identifiable types of pinholes observed on white 
iron castings include the following: 
Type I—Reaction pinholes 
Type II—Aspiration pinholes or bubbles 
Type II1I—Evolution pinholes 
Type IV—Miscellaneous (isolated pinholes ) 


Type I—Reaction Pinholes 


Reaction pinholes, such as shown in Fig. 1, develop 
at the casting surface by reaction of carbon in the 
iron with oxygen usually in the form of oxides. They 
occur in clusters or groupings at the casting skin or 
just below, are elongated in shape, are commonly, 
although not always, darkened by oxidaticn, and rare- 
ly are found in the interior of a section. Such reaction 
pinholes are shown at the surface of a fractured 
white iron casting in Fig. 2. Cause of the reaction is 
the inherent chemical tendency of white iron to form 
an iron oxide-rich slag. During cooling of the iron in 
the ladle and in the gating during pouring, the slag 
is formed by the following reactions: 


1) Si+Fe+Ot § xFeo* y SiOz, or 
2)Feo+ SiOz » xFeo* y SiOz 


Oxygen from any source such as water vapor, iron oxide in 
the molding sand, atmospheric Ov, FeO in the iron, etc. Si 


refers to silicon in the molten iron. 


*Associate Professor of Metallurgical Engineering, Depart- 
ment of Mining and Metallurgy, University of Wisconsin, 
Madison, Wis. 
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By 


The conditions under which these reactions occur 
have been described by the author in Reference 1. 
Below about 2600 to 2530 F the reactions are spon- 
taneous, inevitable, and result in the formation of 
the iron oxide rich-iron silicate slag. This slag may 
accumulate in ladles and gating systems and be car- 
ried into the casting. Composition of the slag depends 
on temperature and the prevailing oxidizing condition. 
Samples of the slag which have been analyzed reveal 
from 42 to 68 per cent FeO, balance SiOz and a few 
per cent of MnO. When this slag is carried into the 
casting, pinholing can occur by the following chemical 
reaction: 


3) FeO (from the slag) + C (in the iron) § Fe + CO 
(the pinhole) 


The evolution of the-CO nucleates the pinhole and 
permits it to grow. Since the slag reaction causes this 
type of pinholing, pinholes and slag are usually inter- 
mixed. If the pinholed surface is lightly ground, a 
cloud of slag particles is formed coincident with the 
pinholes as in Fig. 3. Metallographic examination of 
the surface of the casting shows the presence of the 


Fig. 1—Reaction pinholes at surface of annealed casting. 





Fig. 2—Reaction pinholes at surface of fractured. white iron 
casting. 


iron oxide-rich silicate slag and pinholes nucleated at 
slag particles as shown in Figs. 4 and 5. Figure 5, par- 
ticularly, shows how a pinhole can be generated by the 
slag-metal reaction. The pinhole starts at the surface 
where the slag is accumulated and extends down into 
the casting as the reaction proceeds. 

Suspicion of slag reaction as a source of pinholing 
may be tested by adding 0.02 to 0.15 per cent alumi- 
num to the iron. Since aluminum reacts with oxygen 
more strongly than does carbon, aluminum in the iron 
prevents carbon monoxide from forming according to 
Reaction 3, and then the pinhole cannot develop. 
Although the pinholes will not be present, some slag 
will appear at the location formerly showing both 
pinholes and slag. While the aluminum addition may 
cause mottling in some irons, it still provides a means 
of testing on a trial basis for identification of reaction 
pinholing. The other types of pinholings discussed 
later are not prevented by aluminum additions to the 
iron. 

Reaction pinholing may be more or less severe, or 
absent depending on a number of associated foundry 
variables. Any variable which promotes the oxidation 
reaction will increase the incidence of pinholes. For 
instance, excessive free moisture in the sand, under- 
mulled sand permitting a poor distribution of the 
water present, balling of sand, accumulation of iron 
oxide and iron silicate in the re-used sand, slag accu- 
mulations in feeders, slow pouring, high pouring tem- 
perature, hot-spots, gating that generates slag, and 
solidification caused by an insulating molding sand 
all increase the likelihood of reaction pinholing. How- 
ever, it is generally only when the slag has a chance 
to accumulate and wash into the casting under oxidiz- 


Pinhole Defects 


ing conditions that pinholes result. A cloud of slag 
washed into the casting will deposit on either the 
mold or the core surface, and then the pinhole reac- 
tion begins. The iron oxide content of the slag is 
enriched by reaction with oxygen, water vapor, and 
iron oxide in the sand to the point where carbon in 
the iron is oxidized to CO and the pinhole is nucleat 
ed; water vapor can then aggravate the pinhole by 
enlarging it or blowing it up. Thus, the slag cloud 
and pinholes occur together. This chain of events oc- 
curs most readily with a certain combination of gating 
and casting that is recognizable. There is usually a 
large heavy riser feeding several castings. Usually, the 
riser cannot be kept full during pouring because o! 


Fig. 3—Lightly ground white iron casting surface showing a 
cloud of intermixed slag particles and pinholes. 


—_ 


Fig. 4—Intermixed slag and pinholes at metallographically 
prepared surface of white iron casting. Unetched. 50. 
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large connecting pads to several castings, as shown 
in Fig. 6. So slag accumulating in the riser enters the 
casting and is deposited on the mold or core surface. 
Pinholing proceeds. Figure 7 shows a casting with 
pinholes resulting from slag accumulations washing 
into the casting from a riser. 

While the foregoing describes factors that contribute 
to the development of reaction pinholes, it is the slag- 
metal reaction which is the basic cause. For instance, 
water in the sand will not be the major contributor 
if the gating develops slag and permits it to enter 
the casting. Even when the same mold is baked dry, 
pinholing will still occur in the absence of water if 
the gating still permits slag to form and enter the 
casting. However, if very little slag is formed then 
water in the sand may be oxidizing enough to cause 
more slag to form and enter the casting with the re- 
sult that pinholes develop. Casting size and shape 
also are factors. Since small, thin castings freeze so 


Fig. 5—Pinhole extending down into casting 
after being generated by reaction of iron oxide- 
rich slag and carbon in iron. The pinhole ap- 
pears black and is encircled by slag. «500. 


rapidly, freezing time is so short that the slag reac- 
tion does not have time to begin, even though slag 
may have washed onto the casting. 

In rare instances, reaction pinholing can also occur 
without the presence of slag on the casting surface. 
A build-up of oxides in system sand, dirt, slag, and 
scale, in the molding sand can be a direct cause, 
especially where combined with a high moisture con- 
tent, undermulled sand. However, in this case, the 
slag cloud is absent and pinholes with no or only 
slight oxidation products are present at the surface. 
With an extreme of moisture present, and especially 
with a combination of low permeability and poor 
distribution of moisture from undermulling, pinholes 
can develop directly at the surface by reaction of 
water vapor and carbon in the iron. Again, the slag 
cloud will be absent. However, these variations of 
reaction pinholing are quite infrequently encountered 
compared with the slag-induced type. 

In view of the mechanism of reaction pinholing, 
certain foundry variables are found of major impor- 
tance in eliminating the defect. 

1) Gating and pouring. The gating must be designed 
to trap slag in feeders or runners outside the casting. 


IN GATE 


- 
RISER @ CORE 
@ 
SLAG P. oy 
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Fig. 6—Gating favoring slag formation and transfer into the 
casting where reaction pinholes then develop. Numbers indi- 
cate sequence of events. 




















Fast pouring to keep runners and feeders full may 
be helpful. By contrast, slow pouring may also be help- 
ful if it serves to keep slag out of the casting by 
lessening turbulence. 

2) Scale and dirt must not be allowed to accumulate 
in the sand. Dilution of used sand with new sand 
according to a planned replacement program can keep 
the level of cleanliness high. 

3) Moisture level of bentonite-bonded molding sand 
should be controlled at preferably less than 30 per 
cent free moisture according to the calculation meth- 
od described in Reference 2. 

4) The molding sand should be thoroughly mulled 
to distribute the water present. Hot molding sands 
require longer mulling times in this regard. The items 
listed above seem to be major variables that contribute 
to reaction pinholing though they are not the basic 
cause. Lesser contributors were named in earlier para- 
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Fig. 7—Reaction pinholing caused by slag accumulations wash- 
ing into the cope surface of a casting. 
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Type Il—Aspiration Pinholes 


Aspiration pinholes are round in shape, and usually 
appear light colored or mildly oxidized. They are 
ordinarily randomly distributed, but bear some rela- 
tionship to the ingate. Usually they occur singly or 
in groups of a few toward the interior of the casting. 
However, aspiration pinholes are often mixed with 
slag because of the turbulent metal flow conditions 
under which they form, so that both reaction pin- 
holes and aspiration pinholes may be present in the 
same casting. Usually aspiration pinholes result from 
poorly designed gating, having a high flow rate. 
Small area ingates, causing a jet effect in risers, aspir- 
ate gases into the metal stream. These gases are 
carried into the casting as bubbles and remain in 
the frozen casting. In severe cases, metal shot is de- 
veloped along with the aspiration process. Often the 
shot can be found in the casting or on the casting 
surface as shown in Fig. 8. Sometimes, as in Fig. 8 
lower, the shot surface is oxidized and will react to 
form gas bubbles appearing to be pinholes, especially 
if the casting is broken open and the shot is lost 
but its cavity remains behind. Improved gating will 
prevent this type of pinholing. 


Fig. 8—Upper—Shot associated with pinholes at the surface of 
an annealed casting. Lower—Shot encased with slag and a gas 
cavity at surface of a white iron casting. 


Type I1I—Evolution Pinholes 


Evolution pinholes are caused by gassy metal. They 
are usually rounded in shape, have unoxidized, light 
colored or shiny surfaces, and occur in groupings or 
clusters in the interior as well as at the surface and 
subsurface portion of a casting section. Figure 9 illus- 
trates them. If molten iron is badly gassed with hy- 
drogen, the excess will come out very rapidly during 
cooling and cause widespread formation of bubbles 
in the interior of the casting as well as the surface. 
If these bubbles are trapped at a certain time they 
will have a shiny luster and appear as in Fig. 9, lower. 


Fig. 9—Upper—Severe gas evolution pinholing caused by hydro- 
gen in metal melted under hydrogen atmosphere. Lower—Gas 
evolution pinholing caused by nitrogen. 


Excessive nitrogen in the iron exhibits a different 
pinholing behavior from hydrogen. In this case, the 
pinholes are much less prevalent, tend to be more 
elongated in shape, and have a light to dark blue 
luster which makes them difficult to photograph. Fig- 
ure 9 upper shows such pinholes. Sometimes evolu- 
tion pinholes are associated with reaction pinholes 
when the pinholing action is started by the latter. 
Usually, however, the gas content of the iron is low 
enough so the pinholing condition would probably be 
absent if the reaction mechanism did not cause nu- 
cleation of the pinholes. 

Evolution pinholing due to gassy metal will usually 
not be eliminated by an aluminum addition to the 
iron. This, together with observation of whether slag is 
associated with the pinholes, serves as an additional 
means of distinguishing between these two types. 

An iron high in hydrogen may also show much 
surface pinholing, as in Fig. 10, as well as internal 
gas cavities. The surface evolution pinholing will be 
particularly widespread if the gassed metal is poured 
against a high moisture content molding sand. 

The conditions leading to evolution pinholing are 
related to melting practices which have been very 
extensively reported. The presence of sufficient hy- 
drogen or nitrogen in the iron to cause evolution 
pinholes results from other unusual malpractices in 
melting which are not within the scope of this paper. 
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Fig. 10—Widespread pinholing at surface of casting caused by 
hydrogen in the metal due to melting under an atmosphere 
high in water vapor. 


Such malpractices will normally show up in the melt- 
ing department records or be apparent to the melt- 
ing foreman. 


Type I1V—Miscellaneous Pinholes (isolated ) 


Occasionally, isolated pinholes may be observed at 
casting edges, surfaces, or within a section. This type 
can be caused by loose sand grains. Such pinholes 
occur most easily when a mold is soft rammed with 
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sand of poor flowability. Rough, grainy finish on the 
castings is a warning sign that this pinhole type will 
appear. Another source of this pinhole type lies within 
the mold cavity when metal falls some distance, cas- 
cades over cores, or mold surfaces and then entraps 
gas bubbles. Gating which is borderline in producing 
jet effects will also cause isolated pinholes or bubbles. 
If the casting freezes before the bubbles rise out of 
the metal, they are entrapped and become isolated 
pinholes. 


SUMMARY 


Slag formation during cooling of the molten metal 
is a major cause of pinhole defects in white iron 
castings. Reaction pinholes from this source are readily 
identifiable by their characteristic mode of occurrence. 
Furthermore, they are the type which are most readily 
promoted by the variable conditions of gating, pouring, 
sand and molding practices which prevail in the 
foundry. The other three types of pinholes, aspiration, 
evolution, and isolated, are less likely to occur, but 
they can also be identified by their characteristic 
mode of occurrence. 
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THE THEORETICAL CONCEPTS OF THE PACKING OF 
SMALL PARTICLES 


By 


J. B. Caine* and 
Dr. C. E. MeQuiston** 


Foundry sand grains and granular molding mate- 
rials are basically small particles. The making of molds 
and cores involves compaction. Therefore, the laws 
governing compaction of sand grains are of interest 
to the foundryman and have many practical applica- 
tions. These laws governing the compaction of small 
particles have been thoroughly investigated and at 
least two excellent summaries are in print. 

Starting with the simplest case, compaction of spher- 
ical particles of uniform size, the following points 
have been established mathematically and proven by 
experiment: 

Spherical particles of uniform size may compact 
into three definite configurations of increasing density, 
as illustrated by Fig. 1. The least dense cubic packing 
has the particles in contact at their centerlines, as in 
Fig. la. This configuration compacts to a density of 
52.3 per cent solids, 47.7 per cent voids. Each particle 
has six points of contact with its neighboring particles. 
The highest density attainable with uniform spherical 
particles is the rhombohedral packing of Fig. lb when 
all the particles are nested into every void. Each 
grain has 12 points of contact with its neighbors. 
The mass has a density of 74.1 per cent solid, 25.9 
per cent voids. An intermediate type of packing, the 
orthorhombic, has half the spheres in contact on 
their centerlines, half nested, as shown in Fig. lc, 
with a density of 60.45 per cent solids, 39.55 per 
cent voids. The particles have eight points of contact. 


*Consultant, Cincinnati, Ohio. 
**Quality Control Mgr., Advance Foundry Co., Dayton, 
Ohio. 


It has been established by experiment that when 
uniform spheres are shaken the mass quickly attains 
a density of 60.5 per cent, almost exactly that re- 
quired for orthorhombic packing. It is very difficult, 
or impossible, to attain higher densities with uniform 
spherical particles with any degree or type of com- 
paction. The particles crush first. 

It will be shown by other papers of this sympo- 
sium that dry, unbonded sands, even though they are 
not composed of perfectly spherical uniformly sized 
particles, follow closely the densities predicted by 
these theoretical considerations. Therefore, a more 
detailed study of these theories is in order and has 
important practical applications. 

It has been shown that the densities and percentage 
voids of a given packing configuration do not change 
with particle size provided that the particles are uni- 
form in size and spherical. Compacts of very fine 
particles, say under 200 mesh are slightly less dense 
than predicted. Angularity of the particles also de- 
creases density, provided that these angular particles 
are of fairly uniform size. Void size decreases with 
decreasing particle size, not the density and total 
per cent of voids. 

As very high forces are required for the compaction 
of uniform particles beyond 60.5 per cent density 
and this density is easily attainable with dry, unbond- 
ed grains, this value is fundamental in compaction 
studies. For example, a sand core compacted to this 
density or its equivalent, taking into consideration 
grain shape and distribution, cannot collapse further, 
even though unbonded. Oil-sand cores are relatively 
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easily compacted to these densities. It seems possible 
that the exact density of such cores in relation to the 
60.5 per cent density value or its equivalent is a major 
variable in the collapsibility of the core. Molds, or 
cores compacted to below this value (or its equiva- 
lent taking into consideration grain shape and dis- 
tribution), will react differently to expansive forces 
than the same molds or cores compacted to, or above 


this value. 


la—Cubic packing— -6-point con- 
tact—52.3% solid, 47.7% voids 


Fig. 


Fig. 
point 


lb—Rhombohedral packing—12- 
contact—74.1% 
voids 
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by a factor of 5 to 10. The three- and four-component 
systems of Fig. 2 are less dense than a two-component 
system with a double-peaked distribution throughout 
the range of particle sizes and distributions given in 
Fig. 2. This may seem contrary to accepted thought. 
One reason is that reports of increased density with 
three or more components of different size in the 
mass are based on aggregates with variations in par- 
ticle size 100 times as great as is practical with foundry 


as 


Fig. lc—Orthorhombic packing, 8- 
point contact—60.45% solid, 39.55% 


voids 


solid, 25.9% 


Fig. 1—Packing configurations. 


The effect of nonuniform particle size has also 
been studied.*-* Furnas* has determined mathematical- 
ly the densities expected from dry, unbonded compacts 
consisting of 2, 3 and 4 components of varying rela- 
tive size. Figure 2 shows the results of one set of 
calculations after converting Furnas’ charts to rec- 
tangular coordinates. A number of parameters are 
used. The first is density plotted against ratio of the 
smallest to the largest particle size. This ratio is dimen- 
sionless as far as particle size is concerned and can 
be generally applied. This ratio has been converted 
to three typical sands with 20, 50 and 100 mesh grains 
as the largest particle. Density has been converted 
to lb/cu ft and weight of the 2-in. AFS sand speci- 
men when dry. 

Some important conclusions can be drawn from 
these mathematical calculations. Within the range of 
particle size and distribution of Fig. 2 (particle size 
ratio 1 to 0.01, 1 to 4 screen distribution), maximum 
density is obtained with a two component system 
(line 2, Fig. 2) when the 2 components differ in size 


sands. This is shown in Fig. 2. Within the range 20 
to 325 mesh and the distribution of Fig. 2 it is 
theoretically possible to increase density from 60 to 
about 80 per cent solids with a two-component aggre- 
gate, only from 60 to 67 per cent solid with a four- 
component aggregate. However, if the range of par- 
ticle size is extended to 1 to 0.0001 the reverse is true. 
As shown to the right of the break in the chart, it is 
then theoretically possible to increase density to 96 
per cent solid with a four-component system. The 
limit with a two-component system is 85 per cent 
solid with this larger spread in particle size. 
Another reason for this misconception is that al- 
though the three- and four-component distributions 
of Fig. 2 that correspond to three- and four-screen 
foundry sands are denser than a mass composed of a 
single particle size, less dense than a two-component 
system, this difference is due to the distribution of 
the particle sizes rather than to the number of size 
components. Figure 2 shows that there is little differ- 
ence in density due to the number of particle sizes 
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Fig. 2—Results of one set of calcu- 
lations after 
charts to rectangular coordinates. 
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until the particle sizes differ by a factor of two. In 
the average foundry sand this factor of two corre- 
sponds to a difference in grain size from 50 to 100 
mesh. In order to increase density a difference in 
particle size from 2 to 10 is necessary, and no signifi- 
cant difference in density is obtained (within the limits 
of Fig. 2) until the particles differ in size by a factor 
of 5 to 10. Only then is a two-component system 
one method of significantly increasing density if such 
an increase is desirable. 

Figure 2 shows only one method of changing den- 
sity by means of distribution. There are other meth- 
ods. One other is described mathematically by Wise* 
and summarized in the second part of this paper. 
There is good correlation between both methods and 
actual foundry sands, as described in other papers of 
this symposium. 

Another important point is the effect of the largest 
particle size on density. Taking the simplest case, a 
two-component system, an addition of 28.5 per cent 
silica flour (200-325 mesh) should increase the den- 
sity of a 20-mesh sand from 60 to 80 per cent solid. 
The same addition of silica flour to a 50-mesh sand 
increases the density from 60 to 72 per cent. This 
same addition to a 100-mesh sand increases the density 
from 60 to only 66 per cent solid. 


Multiple-Screen Sand Advantages 


It would seem from Fig. 2 and others like it that 
the chief advantage of a multiple-screen sand is not 
necessarily increased density, but controlled density, 
controlled density with a simultaneous controlled void 
size and permeability. It is again important to dif- 
ferentiate between void size and amount of voids. 
Both void concepts have their advantages and disad- 
vantages in the foundry, depending on the application 
of these concepts. 

The theoretical densities of Fig. 2 are higher than 
those obtained with actual sands in the papers to 
follow. This is to be expected for angularity, surface 
roughness, non-ideal distribution all decrease density. 
Actual densities should be expected to be lower than 
the theoretical. However, the theories of particle pack- 
ing are invaluable >s a guide on what to expect and 
why. 

Wise* has approached this problem with a different 
mathematical treatment than has Furnas, with basical- 
ly similar results. While the preceding discussion is 
limited to a four-component (screen) system, Wise 
has developed a mathematical treatment for multi- 
component system. Since most small particles are a 
probability distribution or stochastic (as are all foundry 
sand grain distribution), this work offers a theoretical 
solution to all packing problems. Unfortunately, the 
mathematics are extremely complex and the solution 
for any given distribution is tedious. Furthermore, it 
is subject to the assumption given by Wise. His defi- 
nition is: 

““Dense random packing’ is defined in a new 
way in terms of probability distribution func- 
tion W for tetrahedra; each tetrahedron has 
its vertices at the center of four spheres for 
which every sphere has to touch the other 
three.” 


Packing of Small Particles 


Wise gives the maximum packing distribution in 
terms of the radii. Actually it is a bi-modal (two 
peaks) distribution. Since the mathematics for deter- 
mining the density of any given particles size dis- 
tribution is extremely complex, this discussion will be 
limited to the maximum packing (density) distribu- 
tion. It was found that maximum packing was 80 per 
cent solid without filling the remaining interstitial 
space. By filling these interstices with fine (small 
radii) spheres a maximum possible packing of 87 per 
cent solid was calculated. The maximum packing 
distribution is given in Table 1. 


Packing Independent of Grain Diameters 


By examining the data in Table 1, several interest- 
ing conclusions can be drawn. The term, radius, in 
Table 1 is actually a ratio of radii. Thus the conclu- 
sion that packing is independent of diameters of 
grains. This same conclusion is reached from Furnas’ 
theoretical work. In terms of foundry sand distribution, 
this would indicate that only the distribution is a 
necessary prerequisite for maximum packing, and it 
could be obtained with equal ease for either coarse 
or fine sand so long as their distribution conforms 
to the theoretical one. 

All foundry sands are screened and their distribu- 
tion reported on a geometrical scale of diameters. 
Table 1 indicates that maximum packing is a linear 
function of radii or diameters. 

In Table 1 there are 26 class intervals (radius ra- 
tios) while in foundry sands there are 18 class inter- 
vals in normal nest of screens (6 mesh through AFS 
Clay). Therefore, this maximum packing distribution 
is more definitive than normal foundry sand distribu- 
tion. Since experimentally with a foundry sand dis- 
tribution it is not possible to obtain density near the 
theoretical, it is entirely possible that this failure is 


TABLE 1 





Radius (Ratio) Frequency 


5.0 0.19 


4.75 0.10 


4.50 0.19 
4.25 0.29 


4.00 0.38 


3.75 0.57 
3.50 1.14 
3.25 1.33 
3.00 1.90 
2.75 3.04 
2.50 
2.25 
2.00 
1.75 
1.50 
1.25 
1.00 

75 

50 

45 

40 

35 

.30 

25 

.20 

15 
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TABLE 2 





:/T@ AFS Screen 


4.25 20 0.5 
3.00 30 3.5 
2.10 40 17.1 
1.50 50 19.6 
1.05 70 31.1 
0.75 100 13.9 
0.53 140 8.6 
0.38 200 2.2 
0.27 270 2.1 
0.20 Pan 2.0 
Remainder AFS Clay 0.6 








due to the lack of a sufficient number of screens 
(class intervals) to accurately establish the maximum 
density distribution. 

It is possible to translate the distribution given in 
Table 1 into a foundry sand distribution by combining 
several class intervals into one which matches the 
AFS screen series. The results are given in Tables 
2 and 3. Table 2 was computed by letting the radius 
ratio 1.5 equal to 295 microns (AFS 50 mesh) and 
Table 3 by letting radius ratio 1.5 equal the AFS 70 
mesh or 208 microns. It can be seen that the dis- 
tributions are very similar; the only difference being 
the shifting of the entire distribution by one screen. 
Attempts to verify the maximum packing density of 
87 per cent solid using these distributions experimen- 
tally have been unsuccessful, i.e., much lower densities 
were obtained than 87 per cent solid. However, the 
densities of these two distributions were higher than 
normally would be expected in foundry sands and 
their densities were equal within experimental error. 


TABLE 3 





r/ro AFS Screen 


4.25 30 
3.00 40 
2.10 50 
1.50 70 
1.05 100 
0.75 140 
0.53 200 
0.38 270 
0.27 Pan 
Remainder AFS Clay 








From the application of Wise’s particle-packing the- 
ory to foundry sands, these general conclusions are 
warranted: 

1) The maximum density of a foundry sand grain 
distribution is independent of the fineness: 

2) There is a family of maximum density distributions: 

3) Increased density is possible by increasing the 
definition (number of screens ) in the foundry clas- 
sification series. 
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DENSITY OF SAND GRAIN FRACTIONS 
OF THE AFS SIEVE ANALYSIS 


By 
R. W. Heine* and T. W. Seaton** 


In order to gain a better understanding of foundry 
sands and the effect of compaction upon them, a study 
was conducted involving sands selected to cover a 
broad range of distributions and AFS Fineness num- 
bers. Sands selected were relatively clay free or 
washed and dried in order that the clay particles 
found in many sands would not interfere with the 
compaction of the sand grains. 

The justification for this selection lies in the fact 
that it becomes necessary to learn and understand 
the compacting characteristics of clay free silica par- 
ticles before beginning studies of clays and their 
effects on compaction of these same silica particles. 

During the course of this work it was felt that a 
similar study of the individual fractions obtained when 
running the AFS Standard Sieve analysis might pro- 
vide some additional interesting data. 


PREPARATION OF SIEVE FRACTIONS 


It was noted during the course of preparation of 
the sieve fractions that the fractions, as obtained when 
the AFS Standard Sieve analysis was run, were not 
sufficiently well defined so as to give the investigators 
accurate separation or well defined fractions. For 
example, it was found that when a sieve analysis 
was run on the fraction as obtained from running the 
Standard Sieve analysis, this fraction actually had a 
distribution of its own. The —40 +50 fraction, for ex- 


*Assoc. Professor of Metallurgical Engineering, Dept. of 
Mining and Metallurgy, University of Wisconsin, Madison, 
Wis. 

**Sales Manager, The American Silica Sand Co., Inc. Otta- 
wa, Illinois. 


ample, when tested, showed only 76 per cent to be 
true or actual —40 +50 particles. The remaining 24 per 
cent was distributed on either side of the —40 +50 
sized particles much as might be expected in a normal 
foundry sand. This condition existed with all of the 
fractions and the distribution was spread over more 
sieves on proceeding from the coarser to the finer 
fractions. In effect then, there is actually a distribu- 
tion within a distribution in a standard sieve analysis. 
The sharp separation of the aggregate sample into 
individual fractions is not achieved. 


SIEVE ANALYSIS 


As a result of these findings, the fractions were re- 
screened many times in order to obtain as accurately 
defined fractions as possible. Figure 1 shows the sieve 
analysis of the fractions which were prepared for the 
study of jolting effects on compaction, which will be 
discussed further on. It is virtually impossible to 
achieve 100 per cent definition of fraction. It was 
felt, however, that fractions as well defined as those 
shown would be sufficiently accurate for this work. 

As a further check on the accuracy of the fractions 
shown in Fig. 1, base permeabilities were run on the 
fractions and checked against the mathematically cal- 
culated permeabilities for 100 per cent defined frac- 
tions. Figure 2 shows the experimentally obtained 
base permeabilities compared with the mathematically 
calculated ones. It was felt that agreement of the 
data was extremely good. The fact that the experi- 
mentally obtained data fall slightly below the mathe- 
matically obtained curve is due to the fact that the 
fractions were not 100 per cent defined. 
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METHODS OF COMPACTING SAMPLES 


Three methods of compaction were investigated. 
These were, jolting, ramming and vibrating. Figure 3 
shows the equipment used for obtaining the data 
presented in Figs. 9 and 10 dealing with compaction 
by jolting. It consists of a 100 cc graduated cylinder 
of known weight and an A.S.T.M. Standard Flow 
Table used by the cement industry. The table rises 
and drops through the action of a cam and insures 
consistent jolting energy at all times. The gradu- 
ated cylinder in the table was filled to the 100-ml 
mark with the fraction to be tested. The cylinder was 
jolted the desired number of times and the volume 
then occupied by the sample was read directly from 
the graduated cylinder. Cylinder and sample were 
then weighed. The weight of the cylinder was sub- 
tracted from the total weight to give the weight of 
a known volume of sand. From this, then, was calcu- 
lated the dry-packed density and per cent solid of 
the sample. 

To obtain the data shown in Figs. 4-8, inclusive, 
the following procedures were used: 

Loose density was determined by placing the dried 
sand in a 100-ml container, tapping the container 
lightly ten times to a level volume and then weighing 
the sand. 

Wet density was determined by packing the sand 
immersed in water as densely as possible by repeated 
rapping of the container. The total volume of sand 
and water was equal to 100 ml. Total weight of 100 


FIGURE 1—SIEVE ANALYSIS OF FRACTIONS 
Minus 30 Plus 40 Fraction Minus 40 Plus 50 Fraction 


U. S. Series U. S. Series 
Sieve No. % Retained Sieve No. 


30 0.15 40 0.65 
40 95.03 40 97.65 
50 4.78 70 1.63 
70 0.04 100 0.06 
100 0.02 Pan 0.01 
140 0.01 
200 0.01 
270 0.01 











% Retained 





Minus 70 Plus 160 Fraction 


U. S. Series 
Sieve No. 


Minus 50 Plus 70 Fraction 


U. S. Series 
Sieve No. % Retained % Retained 


40 0.04 0.02 
50 2.60 0.01 
70 93.90 0.70 
100 3.30 97.65 
140 0.14 
200 0.04 
270 0.01 270 
PAN 0.01 PAN 











Minus 100 Plus 140 Fraction 





U. S. Series 
Sieve No. % Retained 


40 0.10 
50 0.08 
70 0.06 
100 7.21 
140 89.02 
200 3.50 
270 0.02 
PAN 0.01 
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Fig. 2—Comparison of experimentally obtained base permea- 
bilities with those mathematically calculated. 


Fig. 3—Jolting equipment used to ob- 
tain compaction. 


ml of sand and water mixture was determined. The 
weight of the water gives the void volume, or per- 
centage, present in 100-ml of aggregate. The weight 
of the sand in the container divided by 100 gives the 
apparent density of the sand and, when multiplied by 
62.4 Ib/cu ft, gives the density of the sand in Ib/cu ft. 
By dividing the density of the sand by 165.3, the per- 
centage of solids in the aggregate may be obtained. 

Furthermore, if the weight of sand in the 100-ml 
container is divided by 100 per cent minus the percent- 
age of voids (i.e., the weight of water), then the 
specific gravity of the sand fraction is obtained. If the 
sand particles are pure silica and not porous, this 
specific gravity should equal 2.65. A specific gravity 
of 2.65 is the generally accepted chemistry handbook 
value for silica. Thus this method of determining the 
packing of the sand grains affords an internal check 
on both the true percentage of solids present, and 
also on the purity and soundness of the silica present. 





Fig. 4—Plot of data obtained on fractions of a Wisconsin silica 
sand. 


Other methods were tried for compacting the sam- 
ples, but the two methods described above gave the 
best duplication of results. 

Dry rammed density, shown in Fig. 10, was ob- 
tained by forming the AFS Standard 2 x 2-in. specimen 
with three drops of the rammer and weighing the 
amount of sand required to form the specimen. Know- 


ing the weight of sand for a known volume permits 
calculation of the density in Ib/cu ft. 

In all calculations herein reported, a density of 
pure silica at 100 per cent solid of 165.3 lb/cu ft, 
was used. True specific gravity was taken as 2.65. On 
the basis of pure silica, the apparent density of the 
sand in Ib/cu ft divided by 165.3 gives the percent- 
age solids present. For example, if a sand weighs 100 
Ib/cu ft, then (100 + 165.3) x 100 per cent = 60.4 
per cent solids, and the balance 39.6 per cent is voids. 


DISCUSSION OF THE DATA 


Five sands were involved in the first phase of this 
work, and dry and wet packed densities for the vari- 
ous fractions of these aggregate sands were obtained. 

The five sands selected were as follows: 

1) Portage Wisconsin silica sand 
2) Wedron silica sand 

3) Juniata sand 

4) Michigan City sand 

5) Larson bank sand 

Figure 4 is a plot of the data obtained on fractions 
of a Wisconsin silica sand. When plotted on semi- 
logarithmic paper the data gave a straight-line rela- 
tionship. It will be noted that in all cases the wet- 
packed densities are higher than the loose dry-packed 
densities. The loose, dry density represents the density 
of the sand with no special effort to obtain nesting 
together of particles, ie., packing. In other words, 
this is approximately the density obtained when the 
dry sand is loaded into a hopper or other container. 
The: wet density, on the other hand, represents the 
highest density which the experimenter could achieve 
by the method of packing employed. It represents an 
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upper limit of density resulting from the nesting to- 
gether of particles which is not likely to be obtained 
by any method of packing which is presently used 
in the foundry industry. 

Densities were also run on the complete aggre- 
gate sample (complete distribution before breakdown 
into individual fractions), as a matter of interest and 
are plotted as separate points on the graph. The den- 
sity of the aggregate compared with the density of an 
individual fraction of the same particle size shows the 
extent of packing which occurs in the aggregate. 

Figure 5 is a plot of the density of the fractions 
obtained from an Ottawa sand compared with the 
information from the Wisconsin silica sand recorded 
in Fig. 4. 

The agreement of the data for these two sands is 
extremely good, and tends to bear out the similarity 
of the two sands. It was felt that such duplication 
gave added emphasis to the importance of this work. 

Figure 6 is a plot of the data obtained from the 
fractions of a Michigan bank sand (Juniata). The dry- 


Fig. 5—Plot of density of fractions obtained from Ottawa sand 
compared with Wisconsin sand (Fig. 4). 
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Fig. 6—Plot of data obtained from fractions of a Michigan bank 
sand. 
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packed density was a straight-line relationship, as was 
expected. The wet-packed density curve, however, 
showed a slight increase in density as the fineness of 
the fractions increased beyond the —50 +70 fraction. 
The explanation for this will be covered in a discus- 
sion of Figs. 7 and 8. 

Figure 7 is a plot of the densities as obtained on 
a Michigan City sand. It will be noted that the upward 
swing in density beginning with the —70 +-100 frac- 
tion and continuing with the finer fractions is more 
pronounced than was the case with the Michigan bank 
sand. 

Figure 8 is the plot of the densities obtained from 
the fractions of a Wisconsin bank sand (Larson). Again> 
the finer fractions exhibited this peculiar upward trend 
in density which was contrary to what would have 
been expected. In the case of this sand, the upward 
swing of the curve took place on the —100 +140 frac- 
tion for wet-packed density, and on the —140 +200 
fraction for the dry-packed density. 

A microscopic examination of these fractions re- 
vealed the presence of varying amounts of dark-col- 
ored particles which appeared to be iron oxides. They 
were more prevalent in the finer fractions. It was found 
that some of these particles were rather strongly mag- 
netic and could be removed, but others were not 
attracted magnetically. This seemed to indicate the 
presence of both ferrous and ferric oxides which differ 
rather broadly in their magnetic properties. 


IRON DETERMINATION 


A chemical analysis was run to determine iron pres- 
ent in the 200-mesh fractions of the Wisconsin bank 
sand and the Michigan City sand. While some iron 
was observed in the Michigan bank sand there did 
not appear to be as much present as in the two 
sands mentioned above. 

The chemical analysis revealed that the 200-mesh 
fraction of the Wisconsin bank sand contained 12.4 
per cent iron when calculated as Fe2Os, and the 
200-mesh fraction of the Michigan City sand con- 


ig. 7—Plot densities obtained on a Michigan City sand. 
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Fig. 8—Plot of densities obtained from fractions of a Wisconsin 
bank sand. 


tained 7.4 per cent iron when calculated as Fe2Os. 
Since the specific gravity of Fe2Os is about 5.18 as 
compared with 2.65 for SiOe, this would explain why 
the densities of the finer fractions of these sands did 
not follow the packed-density patterns of the sands 
of Figs. 4 and 5, known to be nearly free of iron 
oxide. 

The difference in the slope of the curves in Fig. 
6 is due to the fact that wet density represents more 
perfect packing and more truly reflects the presence 
of non-silica particles than does the loose dry-density 
determination. The microscopic examination indicated 
that the amount of iron oxide present in the Juniata 
sand was less than in the Larson and Michigan City 
sands. Since the wet-density determination gives more 
perfect packing and is more sensitive to the presence 
of non-silica particles, the presence of the iron oxide 
was indicated by this method. The amount of iron 
oxide present was apparently not sufficient to be re- 
flected in the loose dry-density determinations. 


SAND DENSITIES VS. JOLTING ENERGY 


The next phase of the work involved the study 
of the densities of fractions obtained from an Ottawa 
sand under the effect of varied amounts of jolting 
energy. The fractions tested are those shown in Fig. 1. 

Figure 9 is a plot of the density data obtained in 
this study. Three important points were brought out 
during the course of this work. In general, these same 
three factors apply to aggregate samples of sand. 

1) Density decreases as fineness of the fractions in- 
creases. 

2) As jolting energy is increased, density increases, 
up to a point. It was found that when jolting 
energy was increased beyond the points indicated 
on the graph, density began to drop off. This would 
seem to indicate that-we reach a point .of maximum 
compaction by applying jolting energy and can 
not go beyond this point. This, so far as this in- 
vestigation is concerned, is true for clay-free or 
relatively clay-free sands. 
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3) As fineness of the fractions increased, less jolting 

energy was required to achieve maximum density. 

Included on Fig. 9 is the plot of a sand (designat- 
ed as 105-S) whose sieve analysis was as follows: 


U. S. Series 

Sieve No. % Retained on 
40 1.93 
50 8.15 
70 7.80 
100 20.63 
140 32.21 
200 17.47 
270 8.74 
Pan 3.07 








It can be seen from the curve of this aggregate 
sample that the same fundamental principles apply to 
it as apply to the individual fractions. It can also be 
seen what influence distribution has on the density. 
This relatively fine sand had a density pattern nearly 
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Fig. 9—Plot of the density data obtained in this study. 


equal to that of the coarsest (—30 +40) fraction investi- 
gated. The influence of sand-grain distribution on 
density of the aggregate is a subject of other work 
being studied. 


Figure 10 is a plot of the rammed densities of the 
same sieve fractions that were used to obtain the 
data in Fig. 9. Here, again, even though the method 
of compacting the sample is ramming instead of jolt- 
ing, the density decreases as the fineness of the frac- 
tions increases. 


SUMMARY 


A study has been made of the effects of ramming, 
jolting and vibrating on the density of the various 
sieve fractions obtained in running the AFS sieve 
analysis. These fractions were rescreened as many as 
ten times in order to obtain better definition, since 
it was felt the data obtained from more accurately 
separated fractions would be of greater value. 

Densities were obtained for dry and wet packing 
of the fractions and plotted so that the data could be 
evaluated. In all cases, densities were obtained in 
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such a manner that good duplication of results was 
obtained. 

Density data were also collected on the sieve frac- 
tions at various levels of jolting energy. 


CONCLUSIONS 


1) The density of sieve fractions decreases as fineness 
increases, regardless of the method used for com- 
paction when high-purity silica sand grains are 
used. 

The density of sieve fractions increases as fineness 
decreases, regardless of the method used for com- 
paction. 

Presence of iron oxides in sands has the effect of 
increasing density of the fractions beyond the den- 
sities obtained for comparable fractions of relative- 
ly pure sands. 

) Regardless of the size and shape of the sand grains, 
the relationship between compacting energy and 
density remains the same. This, of course, is true 
of sands relatively free of non-silica particles. 

5) As fineness of the fractions increased, maximum 
density was achieved with less applied jolting en- 


ergy. 
6) After maximum density was reached, additional 
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Fig. 10—Plot of the rammed densities of the same sieve frac- 


tions used to obtain data in Fig. 9. 


application of energy only resulted in a reduction 
of density of the mass. 


Of particular interest was the fact that it was pos- 
sible to achieve higher densities when the samples 
were vibrated than could be achieved by either 
jolting or ramming. 


The results of this work are in no way intended 
to evaluate the desirability of using either high- 
or low-density sands in foundry operations. 


The curves relating density to sieve fraction (Figs. 
4 through 8) provide a profile view of the purity 
of the sand and its packing behavior. Any marked 
deviation from the curve for pure silica particles 
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indicates an important change in the sand such 
as purity, particle shape or porosity. 
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IMPROVING ELECTRIC FURNACE REFACTORY LIFE 
BY SPECIAL SHELL COOLING TECHNIQUES 


By 


Vernon J. Howard* 


ABSTRACT 


This paper concerns the cooling system of the electric 
furnace equipment at Oklahoma Steel Castings Co. The 
standard cooling glands, along with variations from 
standard design will be covered so that the reader may 
have a complete picture of the entire cooling system. 
The benefits derived from the variations are summarized 
to justify their adoption by the author’s company. 


Special shell cooling techniques have been consid- 
ered at the plant with which the author is associated 
for many years. The progress and development of 
ideas along these lines have been cautious due to 
the obvious danger of bringing molten metal and 
water together. In the past 5 years direct progress 
has been made with the results sufficiently encourag- 
ing to report in this paper. 

The equipment described is a 2-ton, direct-arc, top- 
charge, acid-lined furnace employing an 8-in. elec- 
trode (Fig. 1). The furnace is covered with a dust 
collector. The average size of the heats produced is 
7,700 lb. This unit is powered by a 2,000 KVA trans- 
former and is used for high-speed production, pro- 
ducing all types of steel from plain carbon to A.I.S.I. 
347 stainless. On a full-production schedule, it is 
geared to produce a heat every 65 min with 22 
heats scheduled per day. 

The roof is laid up with special shape silicon brick, 
using expansion joints equaling 3/8-in. to the foot. 
The center section is cemented in place. Lack of 
space prevents the prescribed soaking and preheating 
of the new roof so it is placed on the shell direct 
from the form. 

In 1952, the first year that the melting department 
operated on an incentive system, various forms of sta- 
tistical controls were set up. The primary purpose 
was to preserve the quality of the steel through the 
anticipated drive for greater speed and higher ratios. 
Along with chemical and temperature controls, rec- 
ords of delays were maintained showing the cause 
and length of the shut down. Analysis of these rec- 
ords revealed that the principal cause of delay was 
trouble with the water coolers. This cost 1,354 min 


*Melting Foreman, Oklahoma Steel Castings Co., Div. Ameri- 
can Steel & Pump Corp., Tulsa, Oklahoma. 


Fig. 1—Two-ton, direct-arc, top-charge, acid-lined electric 
furnace. 


in delays for the year, or practically one full working 
day. Roof designs were changed to eliminate the 
flange on the outer edge of the ring (Fig. 2). 

The electrode ring coolers were redesigned, revers- 
ing the taper of the inside wall and decreasing the 
wall thickness to allow a greater flow of water to pass 
through the chambers (Fig. 3). 

In 1953 with these changes effected there were 
431 min in delays reported, or a decrease of 923 min. 
This was enough time at the present melting rate to 
produce 55 tons of metal while the furnace was down 
for repairing water lines the previous year. 

The ring coolers that are placed between the shell 
and the roof are laid up in five sections with U-joints 
at each section for quick replacement (Fig. 4). The 
water enters through a 1/2-in. connection and goes 
out through a 11/32-in. connection. These smaller 
outlets insure that the gland will be filled with water 
and has practically eliminated cooler burnouts. 
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Fig. 2—Roof ring. Flange on outer edge of ring was removed 
to eliminate a hot spot which caused cracking. Due to the new 
design of the ring the pipe was eliminated because it did not 
come in contact with any of the roof brick. 
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Fig. 3—Electrode cooling ring. This cooler is cast in nodular 
iron. Wall thickness of gland was decreased to insure more 
circulation of water. Inside diameter was tapered to keep it 
free of oxides, thus insuring free movement of the electrode. 


The progress made on the cooling system through 
the concentrated efforts of the entire personnel was 
indeed gratifying, and it was only natural to proceed 
further with shell cooling to prevent the damaging 
hot spots that were experienced in the furnace lining. 
As it will be noted in Fig. 1, the furnace is de- 
signed with a short arm on B or the center phase. 
It was directly opposite this phase that the hot spot 
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was occurring, and it was necessary to patch this area 
constantly in order to attain substantial refractory life. 
It is the writer’s opinion that this design is prone to 
more conductor trouble, consequently it is more diffi- 
cult to equalize the current. The cooler design shown 
in Fig. 5 was chosen to be placed over the trouble- 
some area. 

During the 18 months following the installation of 
the gland, numerous backings were used between 
the shell and the lining brick. Observations and meas- 
urements of lining thickness were studied after each 
relining period. The hot-spot area held its own with 
the balance of the lining and, in most cases, showed 
about an inch more thickness. This was accomplished 
without the patching mentioned previously. The back- 
ing chosen was loose, dry ganister. 


REFRACTORY THICKNESS 


Being well aware that one gland could not answer 
all of our problems, such as the effect on KWH and 
shell temperature when the lining reached a critical 
thickness, we proceeded with the installation of the 
glands around the entire shell. At the outset we were 
too cautious by removing the lining before we real- 
ized how long the refractory would hold its thickness 
at a given point. A short explanation as to the nature 
of this caution might be in order. At the time the 
cooler installations were made the plant was operat- 
ing 6 days a week around the clock. In analyzing a 
lining it was necessary to determine whether it would 
hold a full work week. In many instances linings were 
removed that might have run the full week. It was 
only when production was curtailed that we began 
gambling in an effort to equalize or lower our re- 
fractory cost, due to the 24 per cent increase in ma- 
terial cost since 1955 and the anticipated lower life 
due to intermittent operation. It was through these 
efforts that we realized the thickness of the lining 
would hold fairly constant at 3% to 4 in. This thickness 
would be reached at 250 to 300 heats. 

The next step was to determine whether the glands 
were affecting the kilowatt-hour consumption. At this 
writing we are operating 15 hr, producing 14 heats 
per day. 

During the 9 hr shut-down period and on week 
ends the furnace is held to a cherry red by placing 
an atmospheric burner in the tap hole. The average 
kilowatt hour consumption during a 2-month period 
was 445 KWH per ton. In order to find a 2-month 
period of similar operation it was necessary to go 
back to 1954, during which period the consumption 














Fig. 4—Ring cooler. Purpose of de- 
creasing the outlet on the ring was 
to eliminate the air bubbles which 
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caused the hot spots in the coolers. 
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Fig. 5—Shell cooler. Purpose of water inlet at base of gland is 
to insure a full chamber of water. 


was 453 KWH per ton. Consequently, we feel that 
the power input was equal and had not been affected 


by the addition of the cooling glands. 

Another factor of prime importance in a jobbing 
shop was the effect of the cooling with a thin lining 
in relation to attaining desired tapping temperatures. 
Our main concern was directed at the possibility of a 
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longer melting cycle. The KWH comparison in the 
preceding paragraph for the most part eased our 
concern. However, to substantiate this the average 
pounds melted per minute was 115.67 in 1955 com- 
pared to 118.23 during the past 12 months. This in- 
crease was attained in spite of variables in operating 
procedures which tended to lengthen the heat cycle 
rather than shorten it. 

These same variables made it necessary to come in 
the side door in an effort to find the economy of shell 
cooling. A change in weight distribution in the plant 
resulted in 30 per cent of production being poured 
through 270-lb monorail pots. This, along with in- 
creased production of shell molds, raised the average 
tapping temperatures from 3019 F in the days prior 
to shell cooling to the present 3073 F, and many 
heats were required above 3100 F. Furthermore, low- 
carbon high-alloy production increased from an occa- 
sional heat to 5 per cent of total production. The 
temperatures mentioned were taken with an immer- 
sion pyrometer read from a spoon 6-in. in diameter. 

During 1955, prior to these changes, and with the 
furnace operating with one cooling gland on a 6-day 
round-the-clock operation, the average lining life was 
331 heats and the roof life was 487 heats. During the 
15-hr 5-day operation, the lining life has increased 
to 358 heats. In an effort to fully accentuate the 
amount of increase it is necessary to point .out that 
the roof life has decreased 81 heats, which we feel 
is normal due to the aforementioned variables and 
the intermittent operation. 

We are convinced that shell cooling properly ap- 
plied can increase refractory life. In fact we have 
since started experimenting with the local exhaust 
type roof and the possibilities of a simple cooling 
system. 





Risering of Gray Iron Castings 


AFS Gray Iron Division Research Report 


By 


j. F. Wallace* and E. B. Evans* 


ABSTRACT 


The technical literature on the risering of gray iron 
was critically reviewed and the pertinent variables 
evaluated. A recommended risering procedure for gray 
iron castings is advanced based on available data and 
some original concepts and calculations. 


INTRODUCTION 


This report describes the results of a critical review 
and analysis of the technical literature on the risering 
of gray iron castings. The work was conducted under 
the sponsorship of the AFS Gray Iron Division Re- 
search Committee to utilize information in the avail- 
able literature to establish an acceptable and readily 
applicable gating and risering procedure for gray iron. 

An initial report on this project was submitted on 
the gating of gray iron castings! and a subsequent 
article on the problem of mold wall movement.? The 
risering procedures recommended herein are designed 
to produce a casting true-to-pattern and free of all 
shrinkage porosity. 

The scientific employment of risers on castings is 
one of the more important technical subjects in- 
volved in the manufacture of sound castings. Start- 
ing with the work of Chvorinov,® several recent ar- 
ticles have treated this subject in considerable detail. 
Caine* reviewed the basic variables and fundamental 
approach to the problem. Adams and Taylor® * have 
described a quantitative approach for determining 
riser sizes based on metal, mold, and heat transfer 
considerations. 

Other articles have related this information to spe- 
cific metals and have modified the approach to comply 
with empirical measurements. Caine’ has considered 
steel more directly. The investigators at the Naval 
Research Laboratory have written a number of arti- 
cles*-!8 on risering steel and nodular iron that include 


*Assoc. Prof. and Asst. Prof., Department of Metallurgical 
Engineering, Case Institute of Technology, Cleveland. 


Progress Report on research project sponsored by the Re- 
search Committee of the Gray Iron Division of AFS. Members 
of the Committee are: J. S. Vanick Chairman, R. A. Clark, 
W. W. Edens, D. Marsh, R. Gregg, K. L. Landgrebe, O. 
Meriwether, G. P. Phillips, J. E. Rehder, G. E. Tait, and C. F. 
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considerable experimental work to establish the riser 
sizes accurately for several casting conditions and 
greatly simplify the mechanics of riser size determina- 
tion. Shnay and Gertsman,'* Shnay,™ and Flinn, 
Reece and Spindler'* reported on the selection of 
riser size and feeding distance for nodular iron cast- 
ings. 

The literature also contains numerous articles on 
the risering of gray iron castings. However, these 
articles are not as specific in recommending definite 
riser dimensions and locations as is the case for steel 
and nodular iron. A series of six progress reports by 
Taylor et al.!* are reported in separate publications 
and the Transactions of AFS. 

This series of articles covers work sponsored by 
the Research Committee of the Gray Iron Division 
and provides much basic information concerning the 
solidification behavior, liquid and solid contraction, 
and mold wall movement relevant to risering gray 
iron castings. Dunphy, Ackerlind and Pellini’* also 
discuss some of the feeding problems on gray iron 
castings in another publication. 

The adequate risering of all metals involves two 
primary considerations: first, the selection of a riser 
of sufficient size to compensate for liquid and solidi- 
fication contraction and any mold wall movement; 
and second, the positioning of this riser or risers so 
that liquid feed metal from the riser is able to reach 
all parts of the casting. Failure to employ a riser where 
needed, or to use one of sufficient size, can produce 
a large gross shrinkage cavity. 

In gray iron, a narrow, deep surface depression 
called a draw, or a shallow surface depression referred 
to as a sink, may result rather than gross internal 
shrinkage. Improper riser location or an insufficient 
number of risers in a gray iron casting will produce 
a finely dispersed shrinkage or microporosity in some 
sections. 


SOLIDIFICATION OF GRAY IRON 


The risering of a metal, particularly the problem 
of riser location, is dependent on the mode of solidifi- 
cation. It is necessary to understand this mechanism 
so that the pertinent factors influencing the selection 
of adequate risers may be controlled. The mode of 
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solidification of gray iron has also been investigated 
to a considerable extent.’* 1%? 

The mechanism of solidification of gray iron de- 
pends upon several factors, including composition, 
cooling rate, inoculants and melting variables. In the 
absence of mottling, hypoeutectic gray irons start to 
solidify as austenitic dendrites and complete solidifi- 
cation as eutectit cells of austenite and graphite flakes 
within the eutectic temperature range. The primary 
austenitic dendrites always solidify with a contrac- 
tion, but the eutectic cells, because of the low density 
of the graphite, may solidify with an expansion. The 
composition of the iron, melting practice and inocula- 
tion determine the relative amounts of primary auste- 
nite and eutectic which, in turn, determine the re- 
sulting expansion (or contraction) of the eutectic. 

Inoculation of the iron can also influence the rela- 
tive amount of eutectic expansion.17 The composition 
will also affect the freezing temperature range of the 
iron; the lower the carbon equivalent of the iron, the 
greater the freezing temperature range and the more 
mushy the solidification. This latter fact, in conjunc- 
tion with the greater solidification shrinkage experi- 
enced with lower carbon equivalent irons, generally 
results in more difficult feeding problems compared 
to the softer eutectic gray irons. 


Problem of Microporosity 


Micro or dispersed porosity has been a consistent 
complaint of gray iron foundrymen. This defect fre- 
quently occurs under risers and in heavy sections of 


the castings. While some of the “open grain” referred 
to in these locations may be the result of the coarser 
flake graphite, this rough appearance is frequently 
dispersed internal porosity. There appear to be at 
least two causes for this defect: 1) an inadequate 
feeding distance of the risers employed; 2) the liquid 
and solidification contraction of a high phosphorus 
constituent which occurs after solidification of the 
graphite-austenite eutectic. 

Internal porosity is only produced in the first case 
when the riser size or location is inadequate, and the 
expansion accompanying the formation of the auste- 
nite-graphite eutectic is not sufficient to compensate 
for the liquid and the primary-austenite contractions 
which occur during solidification. 

The marked effect of phosphorus on the manner 
in which gray iron solidifies has been demonstrated 
by numerous investigators.?°*> Phosphorus segregates 
between the eutectic cells into a low-melting-tem- 
perature liquid in the form of a ternary (or pseudo- 
binary) austenite-graphite-iron phosphide eutectic that 
solidifies at approximately 1700 F, which is 300 F. 
lower than the graphite-austenite eutectic (about 2050 
F). This ternary eutectic exists as a liquid film 
around the cells during the solidification of the aus- 
tenite-graphite eutectic. 

If the amount of this latter eutectic solidification 
is sufficient, the resulting expansion may force some 
of this high-phosphorus liquid through open channels 
to the outside surface as exuded beads. The austenite- 
FesP-graphite eutectic remains liquid for a consider- 
able period, or until the casting has cooled from 
about 2050 to 1700 F, before it solidifies. It has been 
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indicated that this ternary eutectic liquid contracts 
during cooling and also contracts during solidification. 

In addition, gray irons with a large percentage of 
phosphorus solidify with a large number of fine 
eutectic cells, and thereby produce numerous fine 
channels throughout the cross section of the casting. 
The result is that the solidifying ternary eutectic of 
austenite-FesP-graphite produces a contraction under 
circumstances that interfere with feeding to complete 
soundness, and may produce dispersed porosity, par- 
ticularly in sections adjacent to risers. 

It has been shown that the existence of this ternary 
phosphorus eutectic can produce shrinkage porosity 
in: a) castings that would not normally require risers 
because of sufficient austenite-graphite eutectic ex- 
pansion® and b) castings of a lower carbon content, 
even when risers that are normally considered ade- 
quate are employed.”*: *4 There is some evidence that 
the tendency for microporosity to occur is increased 
by alloy content.** 

The prevention of internal porosity in gray iron is 
favored by a phosphorous content below 0.10 per cent 
under most circumstances, and such factors as steep 
thermal gradients, large eutectic cells, and less mushy 
solidification. The lower phosphorus contents reduce 
the amount of ternary eutectic that solidifies at this 
low temperature where feeding is not feasible. More 
open-feed channels from risers are provided by steep- 
er thermal gradients, larger eutectic cells, and solid 
skin solidification. It is reported that these open-feed 
channels are favored by low pouring temperature, 
high furnace temperature and no inoculation.” 


Effect of Mold Materials on Risering 


The combination of high pouring temperature and 
mushy mode of solidification that occurs in the casting 
of gray iron can produce considerable variation in 
final dimensions, depending on the type of molding 
materials. The high pouring temperature produces 
considerable thermal expansion in the sand mold wall 
and the mushy solidification mechanism allows the 
casting to follow the sand mold wall throughout much 
of the solidification period. 

The influence of green and dry sand molds on mold 
wall movement and the riser requirements in these 
cases were discussed by the authors in a recent ar- 
ticle. This work indicated the influence of numerous 
molding and metal variables on the amount of mold 
wall movement obtained. It is apparent that negligible 
movement is experienced in dry core and COs sand 
molds, but that considerable outward movement of 
the mold wall is found in some cases with green sand 
molds. 

In the latter case, the mold wall expansion increased 
with higher moisture and clay content of the sand, 
higher pouring temperature, and higher graphitic car- 
bon of the metal. Increased mold hardness, additions 
of sea coal or other carbonaceous material to the 
sand, and smaller size castings reduce this movement. 

This variation in mold wall movement influences 
riser requirement since any outward movement of the 
mold wall will increase the size of the mold cavity 
after the casting has been filled with molten iron. 
The selection of riser dimensions, then, depends on 





J. F. Wallace and E. B. Evans 


the type of molds employed, methods of ramming 
and grades of iron poured in each foundry. 

A volumetric mold cavity expansion of about 1.5 
per cent is generally obtained in a good quality green 
sand mold, and negligible expansion in small dry 
sand molds. Mold expansion can be very severe in 
some types of green sand molds. The experimental 
determination of the actual expansion encountered 
in each foundry appears advisable.” 

Data are available to demonstrate that core ex- 
pansion in heavily cored castings and the inward 
movement of mold walls in larger castings produced 
in dry sand molds can greatly affect riser require- 
ments. Some foundries have been able to produce 
large high strength gray iron castings in dry sand 
molds without risers; other foundries can successfully 
reduce riser requirements for some gray iron castings 
where extensive coring is employed. 

These castings have been made under conditions 
and from analyses that definitely exhibit liquid and 
solidification contraction. Experimental data are avail- 
able for large Diesel engine blocks”* that could be 
cast sound without risers because of the heavy coring. 
The core boxes in this case were made with a stand- 
ard rather than a shrink rule, indicating that the 
cores had enlarged sufficiently from thermal expansion 
to offset liquid and solidification contraction and com- 
pensate for solid thermal contraction. 

Although insufficient data are available to predict 
quantitatively the amount of contraction of the mold 
cavity that occurs under specific conditions, it is evi- 
dent that this contraction is increased by certain 
variables in dry sand molds including: 


1) Larger casting section size 

2) Harder, more rigid molds27 

3) Lower carbon equivalent irons with their increased solidifi- 
cation contraction and more mushy solidification 

4) Higher pouring temperatures 

5) Increased core volume 


The larger section sizes with higher volume to sur- 


face area ¥— ratios increase inward sand expansion 


in dry sand molds because the longer solidification 
times result in greater heating of the sand and deep- 
er heat penetration into the sand.”* 

A schematic plot of the influence of section size 


or \- ratio on the inward sand movement for dry 


sand molds is shown in Fig. 1. These results have 
been based on the work of Gittus,”® performed with 
a 4.1 per cent carbon-equivalent iron cast in dry sand 
as a 4 in. diameter by 6 in. long cylinder. The move- 
ment of the casting after pouring was a two-stage 
process, and is plotted as Curve No. I of Fig. 1. 

In the first stage immediately after pouring (AB in 
Fig. 1), the mold cavity contracted due to the inward 
expansion of the sand into the fluid casting and con- 
tinued to contract until what has been interpreted to 
be the end of primary austenitic solidification (Point 
B). At this point, marking the beginning of stage No. 
2, a reversal in the direction of casting movement 
occurred as eutectic solidification started. The casting 
continue to expand until it was completely solid 
(Point C). However, the casting expansion (vertical 
height of BC) cannot be entirely the result of expan- 
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sion arising from graphite precipitation during eutectic 
solidification since eutectic expansion for this iron is 
0.5 per cent or smaller,’’ whereas the mold dilation 
amounts to a 1.6 per cent increase in volume. 

The eutectic expansion will fill any shrinkage cav- 
ities resulting from the primary austenite solidification 
before enlarging the mold cavity, particularly during 
the early periods of eutectic solidification. Such phe- 
nomena as gas evolution or thermal expansion into a 
comparatively weak backing sand layer could account 
for this enlargement of the mold cavity. Assuming 
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Fig. 1—Casting movement during solidification of gray iron in 
dry sand. (Curve I after Gittus.) 


that the mold dilation (vertical height BC) is reason- 
ably constant for a given sand, the influence of the 
A ratio is depicted in Fig. 1. 

Curve II corresponds to a case where the increase 
in inward expansion caused by greater heating of the 
sand results in a net casting movement (mold wall 
movement prior to solidification) of zero. Curve III 
illustrates the case where the net effect is a volume 
contraction of 2.5 per cent, which is equal to the 
assumed sum of liquid contraction (2 per cent) and 
solidification contraction (0.5 per cent)!" for a carbon- 
equivalent iron of 4.1. When this occurs in practice, 
no risering is required. As discussed previously, the 
metal temperature, composition, and mold rigidity 
can either increase or decrease the amount of this 
mold cavity contraction. 


Selection of Riser Size 

It is evident from the preceding paragraphs that 
the risering of gray iron depends upon many vari- 
ables, and that special considerations, such as the effect 
of phosphorus on microporosity and the presence of 
large cores and heavy sections in dry sand molds, 
may be of great importance in establishing risering. 
Assuming that the phosphorus content is low enough 
to prevent microporosity difficulties and that core 
expansion and inward mold wall movement do not 
apply, it is possible to generalize on the risering of 
gray iron castings. 

The variables that must be considered in this gen- 
eral case are: type of mold, composition of the 
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metal, and dimensions of the casting. A standard 
amount of mold wall expansion is assumed for a good 
quality green sand mold, and a standard amount of 
liquid contraction is based on a reasonable amount 
of superheat at the pouring temperature. Since riser 
size depends on the amount of liquid and solidification 
contraction and mold wall movement, it is possible 
to make some computations of riser requirements. 

Considerable data are available'!-* on the relative 
dimensions of risers. This work indicates that risers 
should be cylindrical with the height of efficient, 
economic risers equal to % to 1 riser diameter. General 
riser shape and foundry conditions usually favor a 
riser height equal to the diameter and some type of 
top riser insulation. 

In view of the special shape of side risers and to 
prevent the shrinkage cavity from entering the riser 
neck, the preferred shape in this case is a cylindrical 
riser with height equal to diameter, and a hemispheri- 
cal section on the bottom with a diameter equal to 
the riser diameter. Risers should always extend to a 
height of at least 1 in. over the highest section of 
the casting being fed after solidification. Accordingly, 
all computations will be based on a riser with a 
height equal to the diameter. 

The two-base compositions shown below were se- 
lected as representative of soft and high strength un- 
alloyed irons to be used for the calculation of riser 
diameter requirements. 

%C %Si %P %S %Mn 
0.05 0.10 0.60 — 
0.10 0.80 


Type of Iron 

Soft Gray Iron se 3.5 2.2 

High Strength Gray Iron 3.0 1.5 0.05 

The amount of liquid contraction, volume increase 

from mold wall movement in green sand molds, and 

solidification contraction estimated for these two com- 
positions are: 





Mold Wall Mold Wall % Solidi- 

Movement Movement fication 
(Green Sand) (Dry Sand) Cont. 
0 0 


Type of % Liquid 
Iron Cont. 
Soft Gray Iron 2.0 1.5 

High Strength 
Gray Iron 2.0 1.5 0 1.4 





The liquid contraction allows for about 250 F super- 
heat. A review of the published data’ indicates a 
wide divergence in liquid contraction values; 0.8 per 
cent per 100 F was chosen as an average figure. The 
value cf 1.5 per cent volume expansion from mold wall 
movement in green sand molds was selected as an 
average value based on a review of the literature on 
this subject, although this value will vary widely 
with some sand properties and ingredients. Mold wall 
movement in dry sand molds is considered negligible. 
The solidification contraction quantities were ob- 
tained from Taylor’s work!* on this subject. All of 
the contraction or expansion figures can be adjusted 
to comply with individual foundry conditions. 

In view of the lack of substantiated data on the 
size of risers for gray iron castings of known shape, 
it was necessary to adopt a theoretical approach to 
the problem. The basic work of Caine* is applicable 
to all metals and develops the equation: 


Eq. (1) 


a 
Me wT ¢ 
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_. Volume Casting 
~~ Volume Riser 





Surface Area Casting 
Volume Casting 
Surface Area Riser 
Volume Riser 








or Freezing Ratio 





= fractional solidification shrinkage 
: = factor comparing heat transfer of media 
surrounding riser and casting and is uni- 
ty for similar molding materials 
a = adjustable constant 


By comparing the reported data for nodular iron and 
steel," !* utilizing the simplifying assumptions of 
Caine* and NRL," and assuming cylindrical risers 
with a height equal to diameter it is possible to sim- 
plify equation 1 to the following: 





where: D = diameter of riser 
b = fractional solidification 


This equation can be solved for different values of 
b to obtain a relationship between the surface area 
of the casting (SA.) volume of the casting (V,), 
and diameter of the cylindrical riser (D), where the 
height of the riser is equal to the diameter. Then, 
adjustment of the D values is possible to allow for 
liquid contraction in both the mold and riser cavities. 
The authors are indebted to Harrish Merchant for 
this approach as developed during separate work at 
Case. 

The values selected for mold wall movement and 
solidification contraction for the two gray irons were 
added to obtain b in Equation 2. This permitted 
the establishment of the numerical relationships be- 
tween V,..,SA,, and D in this equation. The riser 
diameter was then adjusted to allow for the 2 per cent 
liquid contraction in the volume of the riser and cast- 
ing to yield a final value of D. This last calculation 
was rather complicated since unity riser diameters 
were desired. These computations were made by the 
staff members of the Computing Center at Case. 

The results of these calculations have been plotted 
in Fig. 2 for high strength iron cast in green sand 
molds, and in Fig. 3 for high strength iron in dry 
sand and soft gray iron in green sand. Soft gray iron 
in dry sand will either require no riser or only a 
small shrink bob that is 2 to 4 per cent of the volume 
of the casting. Some limited data available to the 
authors on acceptable risering practice agree closely 
with the riser sizes specified by Figs. 2 and 8. 

When multiple risers are required for a given cast- 
ing, the riser size determination is based only on the 
surface area and volume of that portion of the casting 
fed by this riser. Uniform sectioned castings are gen- 
erally divided into equal portions for this computation 
with one riser for each section. When risers are de- 
termined for irregularly shaped castings, however, the 
casting portions and resulting risers may be of differ- 
ent sizes. 
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Selection of Riser Necks 


The method of attaching the riser to the casting, 
i.e., the riser neck, should be considered in any riser- 
ing practice. The riser neck is somewhat smaller than 
the riser so that the neck will solidify slightly before 
the riser and locate the shrinkage cavity wholly with- 
in the riser. Since the riser neck must not solidify too 
soon, the dimensions are dependent on the length of 
the neck. Frequent use is made of thin, strong ceram- 
ic or core material for necks of a small cross-sectional 
area—called Washburn cores—to facilitate riser re- 
moval. 

The literature contains several articles on this sub- 
ject; some reports are empirical**-** and others, pri- 
marily theoretical, are based on a consideration of 
heat flow.*4- 5 Except for some small differences in 
the recommendations for the length of the riser neck, 
there is fairly good agreement. The following general 
recommendations can be made from these data: 

1) The riser neck should be round where possible. 
This is usually feasible except for side risers on 
plate castings. 

2) The length of the riser neck is determined to some 
extent by the size of riser, shape of casting, and 
type of molding or core material—the shorter this 
riser neck, the smaller the cross-sectional area of 
the neck. The riser neck should never exceed one- 
half the riser diameter, if at all feasible. 

3) Riser necks may have either a straight or a ta- 
pered (notched) se-tion although sharp corners 
can result in sand erosion problems when the cast- 
ing is gated into the riser. 

4) Riser necks attached to plate sections should have 
a smaller thickness than that of the casting. 

5) The riser neck should be positioned near the bot- 
tom of a side riser. In the case of the preferred 
type of cylindrical side riser with a hemispherical 
bottom, the center of the riser neck should be 
located a distance of D from the bottom of the 
riser. It must be remembered, however, that the 
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Fig. 2—Chart to determine required risers for high strength 
gray iron in green sand molds. (log-log plot.) 
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top of the riser should be at least 1 in. ove: ‘he 

highest part of the section of the casting being 

fed by this riser after solidification. 

The application of these principles to practice leads 
to recommended riser neck sizes for three specific 
cases: 1) the general type of side riser; 2) the side 
riser feeding a plate-type casting; and 3) the top 
riser. The recommendations of each publication and 
an individual consideration of these three specific cas- 
es are contained in the Appendix. 

These considerations result in the riser neck limita- 
tions and equations for determining the length and 
cross section of the neck for the three cases shown 
in Fig. 4. This figure also shows the preferred side 
and top riser dimensions previously discussed. A graph- 
ical method of determining riser neck dimensions from 
these equations is feasible for definite lengths of neck 
and riser diameters, as shown for each case in Fig. 5. 


GENERAL CONSIDERATIONS OF RISERING 


The location of risers in gray iron castings conforms 
to the general risering principles for all metals. Risers 
are attached to heavy sections of the casting or the 
last portion of a casting to solidify. If a casting con- 
tains more than one heavy section joined by lighter 
sections, then a separate riser is required for each 
heavy portion. The feeding distance of risers can be 
increased by increasing the thermal gradients within 
the casting so that the portions remote from the riser 
are the coldest and the risers are the hottest. These 
thermal gradients can be increased by: 


1) The use of chills, although they must be used 
cautiously to avoid mottling 

2) Insulation, and the addition of exothermic mate- 
rial to risers 

3) Padding of casting sections toward risers (little 
used in gray iron) 

4) Gating into the risers. 

Gating is more convenient into side than top risers. 
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Fig. 4—Schematic riser neck dimensions. 


A slow pouring rate will produce greater thermal gra- 
dients than a rapid pouring rate. The stategic loca- 
tion of gates in light sections and a controlled pouring 
rate have been employed in lieu of risers for some 
softer irons. These principles of risering are discussed 
in the more general articles.5 * 7 8. 32, 36 

Quantitative data on the feeding distance of ade- 
quate risers in uniform sections, as reported for steel 
and nodular iron, *-!* are not available in the literature 
for gray iron. Solidification studies demonstrate that 
the greater solidification temperature range of the 
lower carbon equivalent, higher strength gray irons 
will result in shorter feeding distances than for softer 
and nodular iron,®-"* are not available in the literature 
irons. Not much feeding can be expected in any gray 
iron after considerable eutectic solidification. 

When the eutectic solidifies with an expansion, as 
is generally the case, a self-feeding condition occurs 
and no additional feed metal is required from the 
riser. This expansion can even compensate for some 
solidification contraction that has resulted from the 
formation of primary austenitic dendrites. In the lat- 
ter case, the feed channels to the riser need only be 
passable to liquid feed metal during the initial stages 
of solidification of a high strength gray iron. Under 
these circumstances, it is not surprising that Pellini** 
states that the feeding distance of gray iron in uni- 
form sections is essentially unlimited, provided that 
risers of adequate size are employed. 

It does appear that feeding distances are relatively 
long in gray iron provided that the eutectic expands 
during solidification and the iron is not strongly hypo- 
eutectic. If these latter conditions are satisfied, feeding 
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Fig. 5—Riser neck dimensions as a function of riser diameter. 


distances in uniform sections should be appreciably 
greater than for steel,*-"! although the actual length 
will decrease with decreasing carbon content. 


CONCLUSIONS 
The adequate risering of gray iron castings is a 
complex problem because of the many variables in- 
fluencing the melting, casting, and solidification of 
gray iron in sand molds. It is possible, however, to 
make several statements concerning good risering prac- 
tice for general application: 

1) A low phosphorous content (below 0.10 per cent) is 
desirable to eliminate microporosity. 

2) Adequate riser size must be selected to compen- 
sate for liquid and solidification contraction in all 
molds, and also for some mold cavity enlargement 
in green sand molds. 

3) The mold cavity in dry sand, core, or CO2 process 
molds does not expand significantly during solidifi- 
cation of gray iron castings; in fact, a reduction 
in the mold cavity occurs in heavy sectioned cast- 
ings in dry sand molds, or when extensive coring 
is employed. The size of the required risers can be 
reduced accordingly in these instances. 

4) Adequate risers for use with most metal and 
molding practices are shown in Figs. 2 and 3 for 
the type of iron and molds specified. 

5) The preferred shapes of risers and riser necks for 
general use are shown in Fig. 4. 

6) Feeding distance in gray iron is generally greater 
than that for steel, and it decreases with lower 
carbon content. 
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APPENDIX ON RISER NECK DIMENSIONS 


A summary of the results from the practical and 
theoretical investigations on the dimensioning of riser 
necks is contained in the following Table. 

Length of Riser 
Type of Riser Neck, in. Dimensions of Neck, in. 
Side a D width; —— thickness 
Side & Top - Area of — (sq. in.) = 
> 0 D 
depending on riser size. 


D width; or thickness 


(round neck) 








2 
Top short as possible D) (round neck) 


Top a (round neck) 


D 
Side Width + thickness = eS 


Top oa (round neck) 


D = diameter of riser (in.); T = thickness of casting (in. ) 





Specific recommendations for dimensions of riser 
necks for the general type of side riser, side risers 
for plate castings, and top risers are discussed below: 


I. General Side Riser—Fig. 4A 
a) Round neck preferred, either smooth or tap- 


ered J 
b) Length of neck L, as short as feasible but not 


greater than one-half the diameter of the riser, 


c) Diameter of riser neck, D, is expressed as Dy 
=12 L, + 01D 


. Side Risers for Plate Castings — Fig. 4B 
a) The riser neck, L,, is as short as feasible 


but never longer than, 
b) The preferred shape of the riser neck is rec- 
tangular with the height and width both de- 
ndent on the length of the riser neck. The 
height of the neck at the thinnest section in- 
creases from 0.6T to 0.8T (where T is the thick- 
ness of the plate casting) as the length of the 


riser neck increases from 2 (or smaller) to 
D. The width of the riser neck at the thinnest 


section is expressed as: 
W, = 2.5 L, + 0.18 D 
where: W. = width of riser neck in inches. 


III. Top Round Risers — Fig. 4C 
a) The necks for top round risers should be 
located as close to the casting as feasible 
and the riser neck length should never exceed 
D 


2° 
b) A round riser neck is preferred with a diam- 
eter, D,, expressed as: 
D, = L, + 02D. 





SOME STRUCTURAL CONSIDERATIONS IN NODULAR IRON 


Verne Pulsifer* 


ABSTRACT 


A description of the solidification process of nodular iron 
is given with the proposal that nodules form near the 
liquidus in a normal nucleation process rather than near 
or below the solidus. This proposal is supported by sev- 
eral observations including studies of rapidly chilled shot. 
A diagram is also given which explains the mechanism 
and the structures resulting from the formation of mag- 
nesium sulfide in nodular iron. 


The purpose of this paper is to present some new 
information to clarify some aspects of the mechanism 
of nodular iron solidification. There seems to be con- 
siderable variety of opinion regarding the sequence 
of events leading to the formation of nodules. The 
formation of nodules and other structural features will 
be discussed in relation to present understanding of 
the chemical reactions and diffusion effects. 

There is no direct evidence to show precisely when 
nodules first form during solidification. To clarify this 
point, a technique of shotting the liquid metal in 
water was used to obtain extremely fast quenching 
rates. Cooling of the smallest members of the shot 
population required time intervals on the order of 
3 sec. Comparison of the resulting shot structures 
allows some fairly strong conclusions to be drawn 
regarding the growth rate of graphite nodules. 

The method of shotting was to pour a stream of iron 
through a moving wet cloth mesh held above or in 
a water bath. With an open mesh cloth, falling dis- 
tances were no more than 18 in. The extinction of 
color of the molten metal was easily observed through 
the water, the larger particles requiring much longer 
extinction times because of the steam jacket formed 
around the hot metal. 

The very fine shot appear to cool before the insulat- 
ing layer of steam is formed. The cooling time was 
measured with a stop watch, measuring from the time 
the metal left the pouring lip to the time of color 
extinction in the bath. The 3-sec quenching time was 
associated with the fine shot whose diameters were 
one-half millimeter or less. 

Using this technique, it was possible to quench hy- 
poeutectic gray iron sufficiently fast to almost com- 
pletely suppress the precipitation of flake graphite. In 


*Research Metallurgist, Armour Research Foundation of IIl- 
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most of the fine gray iron shot thus produced, the 
appearance of graphite was revealed in the micro- 
section as small black specks. 

As the size of the shot decreased, and consequent- 
ly as the cooling time decreased, the size of the 
specks decreased until they were impossible to resolve 
microscopically. The structure consisted of a fine mix- 
ture of graphite, cementite, and austenite, as shown 
in Fig. 1. A typical analysis for the gray iron was 
3.62 per cent carbon, 2.61 per cent silicon, ‘0.74 per 
cent manganese, 0.10 per cent sulfur, and 0.12 per 
cent phosphorus. 

In nodular iron, perfectly normal nodules were pres- 
ent in fine shot cast from the same temperature, 
although they were few in number. A nodule from 
one of the rapidly cooled shot is shown in Fig. 2. 
The period between inoculation and shotting was on 
the order of 3 min in all cases. Therefore, the large 
nodules had available a maximum approximately iso- 
thermal growth period of about 3 min. 

Based on the structural evidence of the presence of 
normal sized and spherical shaped nodules in rapidly 
chilled iron shot, it is concluded that the nodules 
form above the liquidus during this period when the 
melt is cooling to the pouring temperature. Such per- 
fect nodules would not be expected to grow within 
the short time interval of shot quenching. In gray 
iron, the graphite is undercooled to a lower tempera- 
ture near or below the solidus, and does not appear 
until after the formation of proeutectic austenite. 

The nodular iron analysis was nominally 3.80 per 
cent carbon, 2.90 per cent silicon, and 0.65 per cent 
manganese, 0.010 per cent sulfur, and 0.03 per cent 
phosphorus. The method of inoculation was to add 
the magnesium alloy and the ferrosilicon to the liquid 
stream entering the transfer ladle. The double ladle 
process was used, with the final pouring temperature - 
sustained near 2550 F. 

There is no intent here to show the complete ab- 
sence of undercooled crystallization of nodular graph- 
ite in spherodized iron. However, the degree of under- 
cooling must be relatively minor compared to that of 
flake graphite in gray iron. This is suggested by the 
relatively high temperature at which nodules are re- 
tained in the rapidly quenched shot. Further evidence 
of the rapidity of quench is given by the absence of 
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a carbon depleted zone around the nodules and other 
observations of the microstructure as follows. 

In all slow cooled nodular iron, there is ample evi- 
dence of carbon depletion in the zone surrounding 
the nodules. In castings, the nodules are surrounded 
by a ferritic zone familiarly termed the “bull’s-eye” 
structure. In the large sized shot, the carbide phase 
appeared to stop short of contact with the graphite 
by a distance perhaps equal to the interdendritic 
distance. However, in the very smallest shot, having 
been very rapidly quenched, the carbide-free zone was 
very difficult to find. 

Part of this difficulty was due to the fineness of the 
eutectic. The eutectic was so fine as to have a feathery 


Fig. 1—Graphite precipitate in rapidly quenched gray 


iron shot. < 500. 


structure. Microscopical measurements were made on 
the interdendritic distance for a number of such very 
rapidly quenched shot. These distances were on the 
order of 10° cm, and the austenic diffusion zone 
was of the same distance or less. 

For comparison, the nodules were of the order of 
5 x 10° cm diameter. There was no structural varia- 
tion in the matrix to indicate the occurrence of dif- 
fusion during quenching. It was concluded that, at 
the quenching temperature, the large nodules were 
essentially in equilibrium with the surrounding liquid, 
and that the quench was sufficiently rapid so that 
no appreciable carbide decomposition or carbon dif- 
fusion occurred during cooling. 

Some perspective on growth of nodules is given 
from a consideration of graphite growth in solid cast 
iron. Birchenall and Mead! give a review of data on 
graphite growth rate in cast iron at malleabilizing tem- 
peratures. If an average growth rate curve from their 
Fig. 2 be extended to include growth in the liquid, 
a schematic arrangement something like that in Fig. 
3 might be drawn. 

There is no basis to assume that the mechanism of 
growth at temperatures near the solidus and in the 
liquid are the same as those occurring at lower tem- 
peratures. Nevertheless, Birchenall and Mead’s mech- 
anism is reasonable, where carbon diffuses through an 
austenite zone around the growing graphite nucleus. 


1Birchenall and Mead; “Growth of Graphite in Cast Iron,” 
Transactions, AIME, vol. 8, Aug., 1956, p. 1005. 
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Fig. 3—Schematic graphite growth rate. 


Therefore, Fig. 3 shows a linear extrapolation of a 
mean line through observed growth rates from their 
figure. 

An offset was made to coincide approximately with 
the isothermal growth time of 3 min at 1400 C. Such 
an offset would be expected due to the change in 
state. Upon heating above the liquidus temperature, 
all the graphite would ultimately dissolve in the melt 
as indicated by the termination of the growth rate 
curve in Fig. 3. 

The growth rate should not be confused with the 
nucleation rate which increases rapidly due to the 
shift of equilibrium upon cooling below the liquidus. 
This increase in nodule population with lower shotting 
temperatures was confirmed experimentally. The 
dearth of nodules in fine shot cast at the higher shot- 
ting temperatures is expected due to the increased car- 
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Figure 4—Relationship between magnesium and sulfur in nod- 
ular iron. 


bon solubility, but their presence confirms the view 
that nodule growth begins in normal fashion above the 
liquidus. 

Commercial nodular iron is made by appropriate 
additions to promote nodule formation. This is made 
eminently clear in the literature on the subject. The 
explanation most easily understood is that nucleation 
is suppressed in the presence of melt soluble sulfur 
and oxygen such as are present in commercial iron.” 

The mechanism of this suppression may be under- 
stood in terms of the low surface tension between 
graphite and iron containing sulfur, or in terms of the 
reduced probability of nuclei formation due to the 
closer association between carbon and sulfur atoms 
in liquid iron. Either of these effects is destroyed by 
the formation of stable sulfides. Cerium and magnesi- 
um form such stable sulfides, with the result that 
sulfur is effectively removed, and nodules readily form. 

In the surface energy concept, the high interfacial 
energy between graphite and pure iron has been de- 
scribed* as providing a barrier to nucleation and 
growth and, thus, promoting undercooling. The shot- 
ting experiment denies the undercooling effect and 
requires a different interpretation of the surface en- 
ergy role. Indeed, it seems more logical that high 


Nodular Iron Structure 


interfacial tension would promote nuclei growth since 
it would be more difficult to remove carbon atoms 
from this stable graphite surface. 

The tendency for graphite to redissolve by the re- 
verse reaction would be low, moving the equilibrium 
toward nodule growth. Sulfur and oxygen in iron 
more probably tend to increase the solubility of graph- 
ite by decreasing the surface tension, and this tenden- 
cy is exhibited as undercooling. 

Now, the mechanism is simple, but is much easier 
to follow by consideration of Fig. 4. This figure shows 
the equilibrium obtained in commercial casting oper- 
ations between magnesium and sulfur with different 
initial sulfur concentrations. It also shows the neces- 
sary ratio between residual magnesium and sulfur re- 
quired to obtain the nodular structure for various 
initial sulfur contents. 

For example, if the initial sulfur concentration is 
low, at X1, small magnesium concentrations are re- 
quired to convert all the sulfur to the sulfide. Further, 
the sulfur is not removed; the vertical line shows 
an apparent solubility of 0.012 per cent sulfur or 0.021 
per cent magnesium sulfide. With high initial sulfur 
concentrations, such as at X2 and X38, much sulfur is 
removed by gravity separation and slag interaction. 

For all practical purposes, the chemical reaction 
between magnesium and sulfur is instantaneous, but 
the separation of the mixed phases is slow. There- 
fore, more residual magnesium is required with higher 
sulfur contents to tie up all the sulfur and assure a 
nodular structure. There is a zone of uncertainty 
near the stoichiometric ratio where mixed flake-nodu- 
lar structures occur due to departures from equilibri- 
um in practice. Otherwise, the graphite structures are 
given by the areas shown in Fig. 4. 
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CORRELATION OF GREEN STRENGTH, DRY STRENGTH 
AND MOLD HARDNESS OF MOLDING SANDS 


By 


R. W. Heine,* E. H. King,** and J. S. Schumacher* ** 


The green and dry compressive strengths of mold- 
ing sands are usually stated in terms of values ob- 
tained from the 2 in. by 2 in. diameter AFS 
specimen molded by ramming in the standard method. 
Molds in foundries are made under a wide variety 
of molding conditions. No standard molding energy 
is used in foundries to produce molds as is used in 
molding the standard AFS sand specimen. Thus, the 
hardness of green sand molds may vary from 40 to 
95 mold hardness (Dietert tester) depending on the 
amount of work done in making the mold. 

Not only does the work of molding vary in the 
foundry, but so do the sand ingredients, particularly 
the percentage of water in the sand. Therefore to 
know the properties of sand in a mold, the green 
and dry compressive strength properties of molding 
sands need to be measured over a much wider range 
of molding effort and mold hardnesses than is now 
done with the standard AFS “three-ram” test. This 
paper shows how green compressive strength and dry 
compressive strength of foundry sands at various mois- 
ture levels are related to the mold hardness devel- 
oped by molding. 


METHOD OF CORRELATING PROPERTIES 


As a starting point consider the iron foundry mold- 
ing sand described in Table I. This sand, as used in 
the shop, is basically a southern bentonite bonded 
sand modified with western bentonite and with seacoal 
used as an additive for improved finish and cellulose 
as an additive for flowability. In use, moisture varied 
between 3.8 and 4.3 per cent or more. Molds made 
from this sand varied from 60 to 85 mold hardness 
depending upon the pattern and molding practice. 

To prepare 2.0 in. x 2.0 diameter specimens cover- 
ing this mold hardness range requires the use of 
special specimen ramming equipment. A rammer 
equipped with a 2-ib weight as well as the standard 
14-lb weight will serve. By varying the number of 
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TABLE 1 — FOUNDRY SAND A 
Sieve Analysis 


U.S. Sieve No. % Retained 


20 Bonding Clay 80% S. Bentonite 
30 20% W. Bentonite 
40 Additives 50% D4 Sea Coal 
50 50% Cellulose Material 
70 3 Standard Ram Properties 

100 H20 4.30% 

140 Green Str. 13.7 psi 

200 Dry Str. 123 _—sopssi 

270 Ave. Mold 

Pan Hardness 86 

Total Batch Mixture: 

AFS Fineness No. 3,000 Ib used sand 

% AFS Clay 5 Ib sea coal 

_% Total 5 Ib cellulose 
Combustible 8 lb bonding clay 











0.4 
18 
13.0 
26.8 
£7.6 
15.6 
3.0 
1.0 
0.6 
89.8 
69.2 
10.2 


4.92 





rams of a 2-lb weight dropped 2 in., specimens of 
low to high mold hardness and density can be pre- 
pared (reference No. 1). Another satisfactory method 
of specimen ramming involves using a rammer with 
a 14-Ib weight which can be dropped varying heights 
from 1/4 to 2.0 in. so that the ramming energy ap- 
plied can be varied to produce low to high compaction 
and mold hardness levels. Using either ramming meth- 
od, the weight of sand in the specimen must be 
regulated so that the number of rams applied may 
be varied. 

Typical data obtained in this way are shown in 
Table 2 for this sand at 4.30 and 3.80 per cent mois- 
ture. This data may then be plotted as a graph relat- 
ing green and dry strength to average mold hardnesst 
for the sand at 4.3 and 3.8 per cent water as in 
Fig. 1. Figure 1 shows that green strength of this 
sand at a particular mold hardness is essentially the 
same at both 3.8 and 4.3 per cent moisture in the 
sand. It should be emphasized that different amounts 
of ramming energy are necessary to develop the same 
mold hardness for different moisture levels, yet at the 
same mold hardness the green strength is essentially 
the same (reference No. 1). 

While the green strength of a particular sand is 


tAverage mold hardness refers to the average of six read- 
ings, three taken on the bottom and three taken on the 
top of the 2.0 in. x 2.0-in. diameter specimen. 





Molding Sand Properties 





' | ve r,, 7 
| FOUNDRY SAND “A" 
| 0,@ 380% HZ0 


a 
° 
~ 
8 





A,4 430% H20 
GREEN STRENGTH 


8 
nN 
° 
° 








— —-—<DRY STRENGTH 


be 


Fig. 1 — Graph of average mold 





8 
8 


hardness versus green and dry 
compressive strength of foundry 


sand A at 3.8 and 4.3% H.O. 














GREEN COMPRESSIVE STRENGTH —PSI 
8 
DRY COMPRESSIVE STRENGTH—PSI 











{ 1 l 1 nN rs l itn 








AE, 
o— —- N10 2L8-—20 





IN- RAMS 


20 2LB-—2-0IN- RAMS 


aS 


en ‘a 


a 











65 70 75 80 
AVERAGE MOLD HARONESS 


the same at a given mold hardness in spite of mois- 
ture variation, dry strength at the same green mold 
hardness is much higher in higher moisture content 
sand. Figure 1 shows that both dry strength and green 
strength increase but slowly with increasing mold 
hardness until a hardness in excess of 80 to 85 is 
reached. At a low mold hardness of 65, a very low 
green strength and dry strength exist which are not 
revealed by the properties obtained from the standard 
3-ram AFS specimen. The standard 3-ram properties 
are noted on Fig. 1, as are also properties for 10 and 
20 2-Ib 2.0-in. rams. 

The latter are important points because they corre- 
spond to the mold hardness and molding energy of 
10 and 20 jolts of 3.0-in. stroke as commonly found 
on better molding machines.* Properties of the sand at 
the parting line are most commonly determined by 
the jolting operation. Thus the 10- and 20-ram proper- 
ties are those likely to be developed at the parting 
by 10 or 20 jolts. Comparison with the standard 3-ram 
properties shows the inadequacy of basing sand con- 
trol on the standard test only. 


TABLE 2 


Mold Compressive Strength, Psi Specimen No. of Rams 


Hardness Green Dry Wt., grams 
No. 











Properties of Foundry Sand A at 4.3% H20 
64 3.6 24 130 5— 2-lb Rams 
72 5.5 47 135 11— 2-lb Rams 
77 poe 66 140 15— 2-lb Rams 
82.5 9.7 82.5 145 25— 2-Ib Rams 
86 13.7 123 155 3—14-lb Rams 
91.5 21.7 203 160 6—14-Ib Rams 
93 25.3 225 165 8—12-lb Rams 


Properties of Foundry Sand A at 3.8% H2O 
67.5 4.0 13 130 5— 2-lb Rams 
75.5 6.1 24 135 10— 2-Ib Rams 
80 7.9 35 140 13— 2-Ib Rams 
83.5 10.0 47.0 143 20— 2-lb Rams 
90 17.0 77 155 3—14-lb Rams 
92.5 24.0 110 160 5—14-lb Rams 
95.0 38.0 190 165 10—14-Ib Rams 
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Fig. 2 — Graph of green compressive strength versus dry 
compressive strength of foundry sand A at 3.8 and 4.3% H20. 


The data in Fig. 1 may be replotted as a relation- 
ship of dry strength to green strength, as in Fig. 2. 
Thus in Fig. 2 it is shown that dry strength of a 
given sand is dependent on moisture content and the 
green strength (or mold hardness) to which the sand 
is rammed. Although only 8 levels of ramming energy 
are shown in Fig. 2, it is evident that the relation- 
ship holds over a wide range of ramming from the 
minimum to maximum. So, to understand sand be- 
havior in the mold, the properties of the sand must 


*See p. 401, vol. 64, AFS Transactions relating to jolt 
stroke and table loadings on jolt machines. 
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be determined over a wide range of molding energy 
or mold hardness. 

Also, the change of these properties over the range 
of moldable moisture contents must be determined. 
The moisture effect fixes a particular curve on the 
green strength-dry strength graph of Fig. 2. Figure 
3 shows how the green strength-dry strength rela- 
tionship varies in this foundry sand over the moisture 
range of 3.3 to 4.9 per cent. This moisture variation 
for this sand covers the range of sand too dry for 
molding to over-wet for molding. The points on each 
curve in Fig. 3 corresponding to the standard 3-ram 
properties, and 20 and 10 2-lb 2.0-in. rams are con- 
nected so that the properties existing at each ramming 
level are evident. 

Numbers alongside the curves in Fig. 3 refer to 
average mold hardness at that point. In the usual sand 
control practice, only the combinations of green 
strength, dry strength, and moisture content shown 
on the 3-ram curve in Fig. 3 are reported. While the 
standard 3-ram properties may be adequate yet the 
properties at the lower mold hardness levels which 
usually exist in the mold may be quite inadequate. 

The green strength-dry strength relationship in Fig- 
ure 3 is greatly influenced by moisture content. How- 
ever, the green strength-mold hardness relationship 
is not significantly altered by moisture content within 
the moldable range as shown in Figure 4 for the 
range of 3.3 to 4.9 per cent moisture in foundry sand 
A. Thus, in order to obtain the complete relationship 
of green strength and dry strength between the sand 
in 2.0 in. x 2.0 in. D specimens and the sand in a 
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Fig. 3 — Graph of green compressive strength versus dry 
compressive strength of foundry sand A at five different mois- 
ture contents. 
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pressive strength for foundry sand A at five different moisture 
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mold, it is necessary to know moisture content of the 
sand as well as average mold hardness. 

The mold hardness achieved in a particular sand 
mixture is determined by the ramming effort applied 
and the moisture content of the sand. A higher mois- 
ture content causes a lower mold hardness (and 
green strength) to be developed from fixed molding 
energy. For example in Fig. 1, the 3-ram properties 
of foundry sand A are 90 average mold hardness 
(17.5 psi green strength) at 3.8 per cent H2O and 86 
average mold hardness (13.5 psi green strength) at 
4.30 per cent H2O. Corresponding dry compressive 
strengths are 77 psi at the lower moisture and 123 
psi at the higher moisture content. 

Similar changes-in properties occur when specimens 
are rammed to lower mold hardness. Thus two graphs 
of the kind shown in Figs. 3 and 4 can be used to 
fully describe the relationships of green strength, mold 
hardness, dry strength, moisture content and amount 
of work done in molding. The mold hardness and 
moisture tests then become means of relating proper- 
ties of the sand specimen to properties in the mold. 

Consider another example of the use of Figs. 3 
and 4. In a mold, mold hardness at one point is found 
to be 75. From Fig. 4, a green strength of 6.0 psi 
corresponds to a mold hardness of 75. Referring to 
Fig. 3 at 6.0 psi green strength, dry compressive 
strength may vary from 18.0 to 80.0 psi depending 
on the percentage of moisture in the sand. If the 
moisture is known as 4.30 per cent, then dry com- 
pressive strength is fixed at 50 psi at 6.0 psi green 
strength. 

At this point, the correlations discussed in the pre- 
ceding paragraphs apply only to the specific foundry 
sand tested (foundry sand A). A more general ap- 
proach showing how these relationships are affected 
by various clay types and percentages may now be 
considered. 


EFFECT OF CLAY TYPE AND AMOUNT 


Using the techniques described, new sand mixtures 
were made with an 85 AFS, 4-screen sand and western 
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Fig. 5 — Graph of green strength versus dry strength for 
8.0% western bentonite 92% sand mixture at seven moisture 
contents. 
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bentonite, with a range of clay and moisture contents. 
Mold hardness, green strength, and dry strength were 
determined as reported earlier. Similar new sand mix- 
tures were made with 55 AFS and 65 AFS 4-screen 
silica sands as the base sand. Only the results ob- 
tained with the mixtures containing the 85 AFS sand 
will be considered here as the other mixtures produced 
substantially the same or identical results. 


Western Bentonite 


Mixtures of 3, 6, and 8 per cent western bentonite 
were studied over the moisture range of too dry to 
over-wet for molding. The relationship of dry strength 
to green strength at various moisture levels is shown 
in Fig. 5 for the 8 per cent western bentonite mix- 
ture. Figures 6 and 7 show the same relationships for 
6 per cent and 3 per cent western bentonite mixtures, 
respectively. The relation of green strength to aver- 
age mold hardness is shown in Fig. 8 for each clay 
content and all the moisture levels presented in Figs. 
5, 6, and 7. Figures 5, 6, 7, and 8 are plotted on 
the semilogarithmic scale in order to cover a wider 
range of green strength values. Again numbers along- 
side the curves in Figs. 5, 6, and 7 refer to average 
mold hardness at that point. 

Consider an example of the use of these graphs. 
At a 75 mold hardenss, green strength from Fig. 8 
would be 4.75, 6.10, and 7.5 psi in 3, 6 and 8 per 
cent western bentonite mixtures, respectively. Refer- 
ring to Fig. 7 at 4.75 psi green strength, dry com- 
pressive strength of the 3 per cent western bentonite 
mixtures would increase from 22 to 67 psi as moisture 
increases from 2.0 to 3.20 per cent. 


Molding Sand Properties 


At 6.10 psi green compressive strength in the 6 per 
cent western bentonite of Fig. 6, dry strength in- 
creased from 19.0 psi to 80.0 psi as moisture content 
increases from 2.20 to 3.40 per cent. In Fig. 5 for the 
8.0 per cent western bentonite mixture, dry strength 
at 7.5 psi, green strength increases from 13.0 to 102 
psi as moisture content increases from 2.7 to 4.03 per 
cent. All the aforementioned properties occur at the 
75 mold hardness initially selected for the example. 
This illustrates the fallacy of considering mold hard- 
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Fig. 6 — Graph of green strength versus dry strength for 
6.0% western bentonite 94% sand mixtures over moisture 
range of 2.20 to 3.40%. 
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Fig. 7 — Graph of green strength versus dry strength for 3% 
western bentonite 97% sand mixtures over range of 2-3.20% 
moisture. 
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ness alone when referring to properties of the sand 
in the mold. 

Moisture and clay percentages must also be stated 
in order to describe the green and dry compressive 
strength of the sand in a mold at any mold hardness. 
However, the lower limit of these properties appears 
to be the same at any moisture and clay content 
as mold hardness decreases toward 60 (equivalent 
to about 3.0 psi green strength). As the 2.0 in. x 2.0 
in. diameter specimen is molded to higher hardness 
and density, differences in dry strength due to mois- 
ture and clay content are increased. 


Southern Bentonite 


Southern bentonite bonded sands were also studied 
by the same method. New sand mixtures of 3, 6, 
and 8 per cent southern bentonite balance 85 AFS 
4-screen sand and varying moisture content were 
tested and the same types of graphs prepared, with 
results shown in Figs. 9, 10, 11, and 12. These graphs 
are used in the same manner as illustrated in the 
case of foundry sand A and the western bentonite 
mixtures. 

Again, as mold hardness decreases toward 60 (equiv- 
alent to about 3.0 psi green strength), the green 
and dry properties at all clay and moisture contents 
fall in the same low range and the effect of moisture 
content predominates on dry strength. Differences in 
dry strength due to moisture content and clay content 
are increased as the 2.0 in x 2.0 in. diameter specimen 
is molded to higher mold hardness and density. 


Fire Clay 


Fire clay bonded sands were studied by the same 
method. New sand mixtures of 10 and 15 per cent 
fire clay, balance 85 AFS 4-screen sand, and varying 
moisture contents from 4.0 to 6.4 per cent were 
tested. Figures 13, 14, and 15 show the results ob- 
tained with these mixtures. Again, the same range of 
values of green strength and dry strength are obtained 
as in the case of western and southern bentonite 
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Fig. 8 — Graph of average mold hardness versus green 
Strength for three western bentonite sand mixtures. 








' t a | La 7 t 
80% S BENT: — wk SAND 
x 460% H20 e 350% H20 
240% " 23:0% * 
0 380% * °2-60% " 























GREEN COMPRESSIVE STRENGTH—PS! 


IN-RAMS 


























i rt A. A rt i 


ao 80 120 160 200 
DRY COMPRESSIVE STRENGTH— PSI 
Fig. 9 — Graph of green strength versus dry strength for 8.0% 
southern bentonite — 92% sand mixture over range of 2.6- 
4.60% moisture. 
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Fig. 10 — Graph of green strength versus dry strength for 
6.0% southern bentonite — 94% sand mixture over range of 
2.0-3.8% moisture. 


bonded sands, although the clay and moisture content 
required are higher. 

As in the case of the bentonite bonded sands, the 
mold hardness level developed by molding has a 
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Fig. 11 — Graph of green strength versus dry strength for 
3.0% southern bentonite — 97% sand mixtures over range of 
1.8-3.50% moisture. 
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Fig. 12 — Graph of average mold hardness versus green 
strength for three western bentonite sand mixtures. 


major effect on the actual properties developed. Fur- 
ther, as mold hardness decreases toward 60 (equiva- 
lent to 3.0 psi green strength) dry strength falls into 
the same low range as with the bentonite sands with 
moisture content having a dominating effect. 
Equivalence of Clay Types 

The experimental work shows that all the mixtures 
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Fig. 13 — Graph of green strength versus dry strength for 15% 
fire clay 85% sand mixtures at 4.2 to 6.4% moisture. 
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Fig. 14 — Graph of green strength versus dry strength for 10% 
fire clay — 90% sand mixtures over range of 4.0 to 5.90% 
moisture. 


tested produce the same range of green strength, 
dry strength, and mold hardness results. Thus any clay 
type can give green and dry strength properties similar 
to those of any other if the water and clay contents 
and ramming of the sand are adjusted properly. This 
equivalence of properties as related to ramming is 
summarized in Figs. 16, 17 and 18. The standard AFS 
3-ram properties of green and dry compressive 
strength are shown in Fig. 16 for al! clay-sand-water 
mixtures tested. 

The green strength-dry strength curves shown in 
Fig. 16 are simply the corresponding curves of 3-ram 
properties taken from Figs. 5, 6, and 7 for the western 
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Fig. 15 — Graph of average mold hardness versus green 
strength for two fire clay-sand mixtures. 
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Fig. 16 — Graph of combinations of green strength and dry 
strength obtained from the standard 3-ram AFS test with 
varying clay content and type. One curve represents one clay 
type and pencentage having an increasing percentage of 
moisture from left to right. 





bentonite mixtures; Figs. 9, 10, and 11 for the southern 
bentonite mixtures; and Figs. 18 and 14 for the fire- 
clay mixtures. They are collected on Fig. 16 so that 
they may be compared. From Fig. 16, it appears that 
6-8 per cent western bentonite, 6-8 per cent southern 
bentonite, and 15 per cent fire clay produce standard 
3-ram property combinations of green and dry strength 
that are roughly comparable. 

Specifically, 6.0 per cent western bentonite, 8 per 
cent southern bentonite, and 15 per cent fire clay 
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Fig. 17 — Same as Fig. 16, but for 20 rams of a 2-lb weight 
dropped 2.0 in. 








ee ETA Seal NEG, 66. 

10 2LB-——20IN- RAMS 

O 30% WEENT © 3-0%S-BENT- 
——- A60% * A6O% * 


o80% " a68e0o% * } 





© 10:0% FIRECLAY 
Ails0o% 


























GREEN COMPRESSIVE STRENGTH——PSI 


——LIMITS OF ALL TESTS ’ 


























80 120 160 200 
DRY COMPRESSIVE STRENCTH-——PSI 


Fig. 18 — Same as Fig. 17, but for 10 rams of a 2-lb weight 
dropped 2.0 in. 
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Fig. 19 — Relation of dry com- 
pressive strength to percentage of 
“free” water in the sand mixture 
for southern bentonite bonded 
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develop very similar green and dry strengths depend- 
ing, of course, on the moisture content of the sand. 
Figure 16 also shows that 3 per cent western bento- 
nite, 3 per cent southern bentonite, and 10 per cent 
fire clay show substantially lower standard AFS 3-ram 
green and dry strength combinations than the higher 
clay content mixtures. This is very much in agreement 
with past knowledge. 

The generalizations just stated for the standard 3- 
ram properties also apply at a lower level of ramming 
such as 20 2-lb 2.0-in. rams as shown in Fig. 17. 
The higher clay content mixtures show a higher level 
of green strength-dry strength combinations. Likewise, 
at a still lower level of ramming such as 10 2-lb 
2.0-in. rams as in Fig. 18 the higher clay content 
mixtures give higher combinations of properties. How- 
ever, the difference due to clay content diminishes 
greatly at the lower mold hardness and ramming lev- 
els, and probably almost disappears as green strength 
approaches 3.0 psi (equivalent to about 60 mold 
hardness). 

Again, the importance of considering these proper- 
ties in the light of ramming level or mold hardness, 
clay content, and moisture content is emphasized. 
With respect to moisture content, it should be recog- 
nized that it is the so-called free water which causes 
the major increase in dry strength and decrease in 
green strength at any particular clay content. Green 
strength is maximum in the absence of “free” water? 
and dry strength is very low. The moisture content 
which should be exceeded for increasing dry strength 
may be calculated by the method described in refer- 
ence 3. 

The water percentage absorbed is calculated by 
this method* and then additional water added for 
dry strength. For example, if a 3.0 per cent water 
is calculated as that absorbed, then an additional 
10 to 30 per cent of the calculated value might be 
added to obtain dry strength and 3.30 or 3.90 per 
cent would be used. The effect of the percentage 
of free water above the calculated absorbed percent- 
age is shown in Fig. 19 for southern bentonite sands 
and Fig. 20 for fire clay sands. Western bentonite 
bonded sands have absorbed and free water behavior 
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Fig. 20 — Relation of dry compressive strength to percentage 
of “free” water in fire clay bonded sand. 
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like that of southern bentonite bonded sands, refer- 
ence 3. 

Figures 19 and 20 show that dry strength increases 
rapidly with an increasing percentage of free water 
above that percentage absorbed by the sand. The 
effect of the free water is greater at a higher ramming 
level than at a lower ramming level, as illustrated in 
Fig. 19 by the comparison of dry strengths of 15.0 
psi and 5.0 psi green strength. The fire clay bonded 
sands in Fig. 20 require about 2 to 2.5 times more 
free water to develop equivalent dry strength than 
the southern or western bentonite bonded sand does. 

Referring back, then, to the comparisons of green 
and dry strength properties in Figs. 16, 17, and 18, 
it should be recognized that the water required is 
higher in all cases for the fire clay bonded sands. In 
addition, it should be recognized that clays of differ- 
ent types and different geological deposits of the 
same clay type have different requirements of water 
within the general concept of free and absorbed wa- 
ter. These differences have been pointed out in the 
absorbed moisture calculation method described in 
reference 3 of the bibliography. 

To summarize the equivalence of clays in produc- 
ing combinations of green and dry compressive 
strength, and mold hardness, Figs. 21, 22, and 23 are 
presented. The relationship of average mold hardness 
to green strength is shown in Fig. 21 for the three 
clay types. The range of green strength-dry strength 
combinations expected from the higher clay percent- 
ages is shown in Fig. 22 for three different levels of 
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raniming. The same range is shown for the lower 
clay contents in Fig. 23. Clay contents intermediate 
between the percentages reported fall at intermediate 
positions on the graphs of Figs. 21-23. 


General Application 


The principles delineated apply to a wide range 
of foundry sands. The initial test work describes re- 
sults obtained with iron foundry sand A, Figs. 1-4. 
The subsequent data, Figs. 5-23, summarizes results 
obtained with new sand mixtures. To correlate these 
results with used foundry sands, the authors obtained 
data on a number of sands used for green sand mold- 
ing in foundries. These foundry sands were tested as 
used in the foundry and at various moisture contents 
and ramming levels. 

Foundry sand practice using the three types of 
clay were included. The combinations of green 
strength and dry strength obtained from these foundry 
sands are shown in Fig. 24. The results fall within the 
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Fig. 21 — Relationship of green strength to mold hardness 
of 2.0 in. x 2.0 in. diameter test specimen for all clay-sand 
mixtures tested. 


same range of values obtained in all mixtures tested 
earlier. 

However, it should be expected that dry strength 
values to the right of the curves in Fig. 24 will occur 
in foundry sands used for dry sand molding. This 
has in fact been found to be the case. Green sands for 
the dry sand molding practice use in general a higher 
percentage of moisture than that included in the 
limits set-up on all the preceeding figures. 

Recognizing this, it is now possible to set-up the 
combinations of sand properties, moisture content, 
molding level and clay content range as expected 
in green and dry sand molding practice. This is done 
in Fig. 25. Thus, practically all molding sands can 
be expected to show combinations of green and dry 
compressive strength falling in the ranges shown in 
Figs. 1-24 and summarized in Fig. 25. The mold 
hardness value in combination with a hardness-green 
strength curve such as Fig. 21 and the moisture content 
of the sand serves to spot the location of the green 
strength-dry strength combination on the summary 
graph. 

Finally, it should be stated that all the data for new 
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Fig. 22 — Combinations of green strength and dry strength 
expected in clay-sand mixtures containing 6 to 8% bentonite 
or 15% fire clay at different levels of ramming. 
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Fig. 23 — Same as Fig. 22, but for 3% bentonite or 10% 
fire clay. 
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Fig. 24 — Combinations of green strength and dry strength 
found in foundry sands. 
sand mixtures was obtained from sands that were fully 
mulled. Foundry sands show the same relationships 
if they are fully mulled. Under-mulled sands usually 
show low dry strength at a given green strength and 
moisture content. Therefore, the importance of mull- 
ing in duplicating these results is emphasized. 

In addition, it should be recognized that small shifts 
in the location of the curves for average mold hard- 
ness, green and dry compressive strength, moisture 
content, and ramming level will be caused by changes 
in clay quality, sand type and sieve analysis, additives, 
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Fig. 25 — Schematic diagram showing the relationships of 
green and dry strength with flowability and deformation. 


mulling technique, ion exchange behavior, etc., i.e., 
the variables of sand practice. But, the general tech- 
nique of correlating the aforementioned properties 
of a molding sand remains as a basic tool of sand 
control. 
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ABSTRACT 


It has been found that serious impairment of tensile 
properties can occur in pure copper castings made by 
the shell-molding process. Because of the nature of the 
decomposition products of the phenolic resin used in 
connection with this process, it appears that embrittle- 
ment of the castings occurs as a result of the familiar 
“steam reaction.” The reducing gases, generated when 
the heat of the cast metal decomposes the resin, react 
with oxides within the melt to form steam, which then 
causes rupturing at grain boundaries. Four deoxidizers, 
namely, titanium, lithium, phosphorus and calmium 
boride were investigated as a means of preventing the 
embrittlement. Of these, only titanium and lithium were 
found to be effective. Three types of melting equipment 
were utilized: gas-fired; 3,000 cycles per second (cps) 
induction equipment; and 20,000 cps induction equip- 
ment. Gas-fired and the 20,000 cps equipment were 
found to be suitable for melting pure copper. 


INTRODUCTION 

In the pouring of pure copper castings, proper 
deoxidation is essential in order to maintain adequate 
physical and mechanical properties. Studies conduct- 
ed at Pitman-Dunn Laboratories, Frankford Arsenal, 
have indicated that deoxidation is even more critical 
for shell-molded. copper castings than for castings 
produced by other methods, such as sand casting. 
Copper shell-molded castings recently poured were 
found to be embrittled by a network of intergranu- 
lar cracks throughout the castings. Figure 1 is a 
photograph of one of these castings examined by 
means of the fluorescent-penetrant process for crack 
detection. 

One of the recognized and most familiar mecha- 
nisms producing embrittlement in copper is the reac- 
tion between hydrogen and copper oxide to form 
steam, commonly called the “steam reaction.” Em- 
brittlement occurring from a reaction of this type 
is dependent on a hydrogen source. Since standard 
deoxidation practice was not effective in the shell 
mold, it would appear that a high concentration 
of hydrogen exists in the mold gases generated 
within this type of mold. 

In a green-sand, mold, for example, the principal 
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Fig. 1 — Embrittled casting treated by fluorescent-pene- 
trant process for crack detection (ultra-violet illumina- 
tion). 


source of hydrogen is the dissociation of the water 
vapor within the mold. Even at the casting tempera- 
ture of copper, however, this dissociation is very 
small. The large percentage of resin in the shell- 
mold material generates large volumes of gaseous 
decomposition products when heated, which are 
known to be highly reducing in nature. Presumably, 
these gases are rich in hydrogen. It is therefore 
reasonable to expect that the mold gases in the shell 
mold would produce a more severe environment 
for embrittlement >f copper than would be the case 
in the sand mold. 

A substantial amount of work has been reported in 
the literature on the subject of hydrogen embrittle- 
ment of copper. Rhines and Anderson’ studied em- 
brittlement of copper specimens heated in a hydro- 
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gen atmosphere for various times and temperatures. 
It was demonstrated by these investigators, and also 
by Wyman,’ that the diffusion of hydrogen in solid 
copper is quite rapid, and particularly so at tem- 
peratures above approximately 700 C. 

Hydrogen diffusing into the copper reacts with 
the copper oxide to form steam. The resulting steam 
produces sufficient pressure to rupture the grain boun- 
dary.* 

It has been further demonstrated that the form 
of the oxygen can be either dissolved copper oxide, 
copper oxide precipitated from solid solution, or some 
foreign oxide in the copper. The occurrence of the 
cracking preferentially at the grain boundaries may 
be due to an accumulation of copper oxide at those 
points or the faster diffusion rate of hydrogen through 
grain boundaries than through the interior of the 
grain. 

This report describes the experiments performed 
in an attempt to determine a means of controlling 
the intergranular cracking in shell-molded cast cones. 
Since satisfactory cones could not be produced using 
phosphorus as the deoxidizing agent, a program was 
designed to investigate the effectiveness of the various 
other deoxidizers. 

Several deoxidizers are in use at the present time 
and the most common, in addition to phosphorus, 
are calcium boride and lithium. A fourth element 
which should be effective for deoxidation purposes 
in copper is titanium. No mention has been found 
in the literature concerning the use of this element 
as a deoxidizer but, from a thermodynamic stand- 
point the reduction of copper oxide by titanium is 
certainly feasible. 

In addition to determining the most effective deoxi- 
dizer for pure copper shell-molded castings, part of 
the program was necessarily concerned with deter- 
mining the type of melting equipment most suitable 
for producing these castings. 


METHODS AND MATERIALS 


Molding Practice 

Two types of mold materials were used through- 
out this work. The first type was a shell mold used 
to produce a cast cone which could be examined 
to determine the influence of the various deoxidizers 
on the intergranular cracking. Conventional shell 
molding procedures were used in making these molds. 
The sand mix contained silica sand (AFS Fineness 
No. 120) and 5 to 6 per cent resin binder. 

In order to determine whether the reactive nature 
of the shell mold could cause the type of embrittle- 
ment observed here, copper castings were also poured 
in a silica-bonded investment type mold. The mate- 
rials used in this type of mold are essentially inert 
to molten copper and, therefore, no reaction would 
be expected. 

These molds were used to obtain cast-to-size ten- 
sile bars (0.252-in. diameter, l-in. gage length). The 
tensile data obtained from these bars were used as a 
measure of the relative effectiveness of each deoxidiz- 
er, and also as a comparison to the tensile properties 
obtained from specimens machined from several cast 
cones. 


Shell Molded Copper Castings 


These molds were made using a conventional tw o- 
coat investment molding technique, using wax as 
the pattern material. Following a high temperature 
“burn-out,” the molds were maintained at a tempera- 
ture of 800 F until ready for use. 


Melting and Casting 


Three types of melting equipment were used {or 
this work: induction equipment consisting of a 20,- 
000 cps mercury are converter in conjunction with a 
machined graphite crucible, a 3,000 cps motor gen- 
erator set and clay graphite crucible, and a small 
gas-fired furnace. A clay graphite crucible was also 
used with the gas-melting equipment. 

Four-pound melts of OFHC copper melting stock 
were prepared and deoxidized at 2300 F, with vari- 
ous amounts of each deoxidizer being investigated. 
Immediately following deoxidation, one investment 
tensile bar mold and one companion shell cone mold 
were poured. In one series of experiments utilizing 
calcium boride as a deoxidizer, a holding time was 
employed after deoxidation to allow additional time 
for the reaction to take place. 


Deoxidation 


To investigate the effectiveness of each of the de- 
oxidizers, 0.01, 0.05, 0.10, and 0.20 per cent each, 
respectively, of phosphorus additions were made using 
a copper-20 per cent phosphorus master alloy. Simi- 
larly, titanium additions were made with a copper— 
50 per cent titanium master alloy. Calcium boride, 


in powder form, was packed in copper capsules for 
the deoxidation additions. The use of lithium as a 
deoxidizer was only investigated to a limited extent 
in amounts of 0.10 per cent. It was also added by 
packing a measured amount into a copper capsule 
and plunging this below the surface of the melt. 


Electrical Conductivity 

The effect of residual deoxidation materials on the 
electrical conductivity of copper was studied. Of par- 
ticular interest is a comparison of the effect of ti- 
tanium addition on electrical conductivity to the 
effects of the more commonly used deoxidizers. To 
obtain material for these measurements, the grip 
ends of broken tensile specimens were hand forged 
to approximately 1/4-in. diameter and subsequently 
swaged to a diameter of 0.09 in. These were then 
annealed for 1 hr at 1200 F in an argon atmosphere 
to remove the effects of cold work. The resistance 
of an 18-in. length of each specimen was measured. 


RESULTS 
Deoxidation 


In Table 1 are recorded the results of tensile tests 
performed on the investment cast bars and the con- 
dition of each shell-cast companion cone. These 
results clearly show that neither phosphorus nor cal- 
cium boride deoxidation additions eliminate the 
intergranular cracking in the shell-cast cones. The ten- 
sile results from the investment-cast bars, however, 
show that both these deoxidizers are effective when 
used in conjunction with the inert-investment mold. 

Tensile bars cast from the melt deoxidized with 
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TABLE 1 — TENSILE PROPERTIES OF INVESTMENT- 
CAST TENSILE BARS 





Deoxidizer Residual Tensile Elongation 
Mold Added  Deoxidizer Strength inlin. Condition of 
No. (Wt-%) (Wt-%) (psi) (%) Companion cone 





Phosphorus Deoxidation 
0.01 0.005 14,710 18.9 
None 0.005 6,260 6.4 
0.05 0.028 22,540 40.5 
0.10 0.060 20,110 29.8 ° 
0.20 0.071 18,830 27.2 ” 
0.05 ahd 9,100 5.3 ” 


Titanium Deoxidation 
0.01 0.005 8,950 8.1 
0.05 0.025 21,870 46.7 
0.10 0.054 23,060 38.6 
0.20 0.125 20,710 28.3 od 
0.05 wate 23,100 32.8 ad 


soo 


No cracking 
Intergranular cracking 
” 


Intergranular cracking 
No cracking 
” 


Calcium Boride Deoxidation 
0.01 toe 7,890 8.5 
0.05 : 17,040 11.6 
2 0.10 <i 21,020 24.0 
13 0.20 Same 25,360 31.9 sal 
14°° 0.05 <i 20,830 29.2 No cmpn cone poured 


Lithium Deoxidation 
29 0.10 : 22,900 37.0 
245,246° 0.10 b 22,300 29.6 


No cmpn cone poured 
Intergranular cracking 
” 


No cracking 
” 


°Results obtained from tensile specimens machined from cone. Average 
of four specimens. 

*°Melt held 2 min between time of addition ard pouring. 

*°°Amounts added are expressed as per cent calcium. Analytical proce- 
dures not available for residual element determination. 





0.05 per cent phosphorus had an average tensile 
strength of 22,540 psi, and 40.5 per cent elongation. 
The tensile results obtained from specimens machined 
from the cone poured from this heat were only 9100 
psi tensile strength and 5.3 per cent elongation. 

Deoxidation with titanium was much more effec- 
tive than either of the above deoxidizers. Titanium 
additions of 0.05 per cent or more produced cones 
which were free of embrittlement. The tensile prop- 
erties of the investment cast tensile bars poured from 
a melt deoxidized with 0.05 per cent titanium were 
21,870 psi tensile strength and 46.7 per cent elonga- 
tion. The. efficiency of this element for deoxidation 
was also reflected in the properties of specimens 
machined from the cones. These gave a tensile 
strength of 23,100 psi and an elongation of 32.8 per 
cent. hal | 

In using calcium boride for deoxidation, it was 
noted that considerable unreacted material was left 
in the crucible when the melt was poured immedi- 
ately after the addition. It was felt that a short 
holding time after the addition might be beneficial. 
The results of this experiment are also shown in 
Table 1. 

Using an amount of calcium boride equivalent to 
0.05 per cent calcium and no holding time, the ten- 
sile strength was 17,040 psi and the elongation was 
11.6 per cent. For the same addition of calcium 
boride and a 2-min holding time, the tensile strength 
and elongation increased to 20,830 psi and 29.2 per 
cent, respectively. 

Figure 2 is a comparison of the tensile properties 
and the electrical conductivity for phosphorus and 
titanium deoxidized copper. The data used in the 
plot were taken directly from Table 1. From this 
it can be seen that while there are no pronounced 
differences in the properties produced by either 
element, titanium appears to offer some increased 
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TABLE 2 — EFFECTS OF MELTING EQUIPMENT ON 
TENSILE PROPERTIES OF COPPER DEOXIDIZED 
WITH 0.10 PER CENT Li, Ti, and P 


> 





Induction Melted 
Amount of Source 20,000 Cycle Gas-fired Furnace 
Deoxidizer of Tensile Elongation Tensile Elongation 
Added Tensile Strength in 1 in. Strength in 1 in. 
(%) Specimen (psi) (%) (psi) (%) 


0.10 Li Investment mold 22,900 37.0 25,100 35.8 

Cone casting 22,300 29.6 24,800 24.0 
0.10 Ti Investment mold 23,100 38.6 22,800 39.0 
30.2 
1 








Cone casting 23,100 27.6 24,100 
0.10 P Investment mold 20,100 29.8 20,800 49. 
Cone casting - - - No sound Casting obtained - 














TENSILE STRENGTH 








ELONGATION 
(PER CENT) 








n 
° 


—O-———-0O— PHOSPHORUS DEOXIDATION 
| — —<O——-@— TITANIUM DEOXIDATION 7 
| 1 1 
0.04 0.06 0.08 0.10 ai2 
RESIDUAL ELEMENT (PER CENT) 








(PER CENT IACS) 


r 


ELECTRICAL CONDUCTIVITY 





Fig. 2 — Effect of residual phosphorus and titanium on 
tensile properties and electrical conductivity. 


benefits over phosphorus. Low residual amounts of 
titanium, of the order of 0.02 to 0.04 per cent, result 
in slightly higher elongation and conductivity values. 


Effect of Melting Equipment 

Table 2 is a comparison of the tensile properties 
of melts made by gas-fired equipment and induction- 
melting equipment (20,000 cps). Tensile specimens 
for this comparison were obtained from both invest- 
ment and shell molds. 

These results show that only slight differences in 
properties are observed for these two types of melt- 
ing equipment. One type of equipment does not 
appear to offer any definite improvement over the 
other. No properties are reported for phosphorus 
deoxidized melts cast in the shell mold, since the 
castings produced again exhibited intergranular crack- 
ing. Experiments were also conducted using 3,000- 
cps equipment. In the experiments using the lower 
frequency, of which an inherent characteristic is the 
pronounced stirring action, considerable difficulty was 
encountered in producing a properly deoxidized cast- 
in 


Table 3 shows the results of conductivity measure- 
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TABLE 3 — EFFECTS OF RESIDUAL DEOXIDATION 
ELEMENTS ON ELECTRICAL CONDUCTIVITY OF 
PURE COPPER 


" Phosphorus Titanium Calcium Bromide* 
er added Residual Conductivi- Residual Conductivi- Residual Conductivi- 
(%) P(%) ty(%IACS) Ti(%) ty(%IACS) Ca(%) ty(%IACS) 


0.01 0.005 98.01 0.005 piten eka 
0.05 0.028 90.39 0.025 99.34 98.48 
0.10 0.060 76.10 0.054 78.86 100.90 
0.20 0.071 70.27 0.125 57.35 100.27 


*Amounts added expressed as per cent calcium. Analytical procedures 
not available for residual element determination. 

















ments made on specimens which had been deoxidized 
with 0.01, 0.05, 0.10, and 0.20 per cent phosphorus, 
titanium, and calcium (added as calcium boride). 
The per cent of residual deoxidizer is also indicated 
in the table. (No reliable methods for calcium and 
boron determinations were available.) These results 
show that, of the three deoxidizers, calcium boride 
appears to be best for attaining high electrical con- 
ductivity. 

A comparison is also shown in Fig. 2 of the effect 
of titanium and phosphorus on the electrical con- 
ductivity. Of these two .deoxidizers, phosphorus ap- 
pears to be most detrimental. 


DISCUSSION 


Deoxidation 


From the results of this work, it is apparent that, 
while deoxidation practice is highly important when 
pouring copper into an inert mold of the investment 
type, it is even more critical when using a reactive 
mold, ‘such as a shell mold. Melts which are pre- 
sumably deoxidized for use in the investment mold 
show a condition indicative of insufficient deoxidation 
when poured into a shell mold. 

Although no quantitative measurements have been 
made of the composition of the reducing gases pro- 
duced during the decomposition of the phenolic 
resin, some insight into the amount of hydrogen 
produced can be gained from observations of the 
significant amount of water vapor which condenses 
on a cold surface held directly above the mold im- 
mediately after pouring. The evidence presented 
here strongly suggests that the intergranular cracking 
is another manifestation of copper embrittlement by 
the “steam reaction.” 

In order to discuss the different behavior between 
the inert investment mold and the shell mold it is 
necessary to consider two reactions. First, the steam 
reaction 


He + Cuz0S H2O + 2Cu (1) 


which involves the reaction of copper oxide in the melt 
and hydrogen. The second reaction is 


xM + yCu200%S M,O, + 2yCu (2) 


where M is the deoxidizing agent. Using the law of 
mass action, the ratio of products to reactants at 
equilibrium can be written for equation 1) 


Pu,0 (3) 


Ki = 
H, [Cu,O] 





where P H,O and P H, are the partial pressures of 
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the water vapor and hydrogen, respectively, and k: 
is the equilibrium constant. Similarly, the ratio of 
products to reactants for equation 2) can be written «s 


[M,O,] 
Ke = TM} [CuO]? ey 


For convenience in this discussion the terms in 
expressions can be rearranged as follows: 





Pu,0 (5) 


Pi. 





Cuz0 = Ks 


K=¢F, 


1 
Cu2z0 — Ka {M,O,] 
[M*] 


1 
ee 
(Ke) » 

Consider a melt of copper which is ready to be 
poured into a mold and which has been deoxidized 
with a given quantity of element M. Assuming equili- 
brium conditions and a given pouring temperature, 
the concentration of Cu2O in the melt is then given 
by equation 6). When this metal is poured into a 
shell mold, the heat of the metal decomposes the 
resin binder, releasing hydrogen (in addition to other 
gases). 

Some of this hydrogen undoubtedly combines with 
atmospheric oxygen to form water vapor, thus pro- 
ducing a mold atmosphere of essentially a mixture 
of water vapor and free hydrogen. Again assuming 
equilibrium conditions and that the metal tempera- 
ture remains constant after pouring, then the equili- 
brium relationship between copper oxide in the melt 
and the mold atmosphere is shown in equation 5). 
If the deoxidation of the melt by element M lowers 
the CuzO content below that shown in 3, then reac- 
tion 1) will not occur as written but will proceed 
from right to left, and the deoxidation is satisfactory. 

If, on the other hand, the deoxidation leaves resid- 
ual Cu2O0 in excess of that shown in 8), then the 
reaction will proceed to the right to re-establish equili- 
brium, and water vapor will be formed as a result 
of the reaction. The amount of water vapor formed 
will determine whether intergranular cracking alone 
will occur or whether both cracking and purging 
will take place. 

In the case of the investment mold, a reactive 
atmosphere is not generated since there is no resin 


to decompose. The ratio Py,0/ Puy 


therefore, the equilibrium Cu2O content is correspond- 
ingly large. Thus, it is not necessary to lower the 
Cu20 content of the melt to the low level required 
for a shell mold. 

Such was the case when, for example, phosphorus 
and calcium boride were used for deoxidation. The 
Cu2z0 in the melt is reduced by phosphorus or 
calcium boride to a level below that required for 


is large and, 
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an investment type mold, but not sufficiently low for 
a shell mold. Because of this it was not possible, 
under these conditions, to pour a sound cone casting 
in a shell mold when phosphorus or calcium boride 
was used. * Titanium and lithium, however, are much 
more effective as deoxidizers. This is apparently due 
to these elements lowering the CuzO content of the 
melt well below the equilibrium value necessary for 
the steam reaction to take place. 


°Presumably, both calcium and boron participate in the de- 
oxidation reaction when used as a deoxidizer. However, as 
shown by the experimental work, an additional dissociation 
reaction must first take place before calcium or boron is avail- 
able for deoxidation. In this case, there is a rate controlling 
reaction which may govern the effectiveness as a deoxidizer. 


During the melting of pure copper, hydrogen pick- 
up almost always occurs to some extent, depending 
on the products of combustion surrounding the melt. 
(When induction melting is used, the hydrogen source 
is practically negligible.) Unless this dissolved hy- 
drogen can be removed prior to pouring, it will react 
with the residual CuzO in the melt during solidifica- 
tion and the water vapor formed will manifest itself 
in the form of porosity in the castings. 

It is now almost universally accepted that copper 
must be melted under oxidizing conditions(6) (at least 
during the early stages of the melting operation). 
By doing this an excess of Cu2O is provided to react 
with hydrogen which may have been picked up 
during the melting operation. This reaction is again 
the steam reaction, but in this instance it serves a 
beneficial purpose. 

In general, oxidizing conditions are maintained 
during the early stages of melting. This is followed 
by a reducing stage wherein a reducing agent, such 
as charcoal (free of residual hydrocarbons), is added 
to the surface of the melt. Since the charcoal can- 
not remove enough of the Cu2QO, it is necessary to 
add additional deoxidants just prior to pouring. 

Thus, in the melting of copper it appears that the 
steam reaction is needed during the melting operation 
and must be suppressed during pouring. 

There is one aspect of this phenomenon which 
appears to warrant clarification and that is the rapid- 
ity with which the reaction takes place. The wall 
thickness of the cone castings is less than 0.10 in. 
and, therefore, cooling is rapid. The time interval 
during which the casting remains in the temperature 
range where appreciable diffusion of hydrogen can 
take place is relatively short. 

These results indicate that sufficient time is avail- 
able for the embrittlement to occur. Studies of diffu- 
sion in metals have shown that diffusion along grain 
boundaries may be much more rapid than through 
the interior of the grain.*° Macroscopic examination 
of these cone castings has shown that the wall thick- 
ness is only several grains thick, particularly near 
the base of the cone. Thus, hydrogen atoms are 
provided “easy access” to the interior of the wall 
of the casting, and embrittlement could take place 
quickly. 


Melting Equipment 

It is apparent from the work dealing with the 
various types of ‘melting equipment that high-fre- 
quency and gas-fired equipment are equally satisfac- 
tory for melting pure copper. On the other hand, it 
is exceedingly difficult, if not impossible, to use low- 
frequency induction equipment. The difference in 
melting frequency manifests itself in the degree of 
stirring action associated with each. High-frequency 
(20,000 cps) equipment produces only a slight action 
of this type. 

Low-frequency equipment, on the other hand, pro- 
duces a considerable amount of stirring action. Since 
the degree of stirring action is presumably the only 
difference, the difficulty in pouring pure copper using 
low-frequency melting equipment is most likely asso- 
ciated with the pronounced stirring action. The in- 
creased stirring action may contribute to increased 
oxygen pickup by the melt, and, therefore, makes 
deoxidation more difficult. 


CONCLUSIONS 
The conclusions drawn from the results of the 
work described in this report are: 

1) As a result of the decomposition of the phenolic 
resin used in the production of shell molds, a hy- 
drogen-rich atmosphere is generated within the 
mold cavity which is capable of producing severe 
embrittlement in copper castings. 

Of the four deoxidizers investigated (lithium, ti- 
tanium, phosphorus, and calcium boride) only 
titanium and lithium effectively deoxidize pure 
copper for casting into shell molds. The favorable 
results obtained with titanium and lithium may 
be due to these elements lowering the oxygen 
content of the melt to a level where little or no 
water vapor is generated by the “steam reaction” 
to cause rupturing at grain boundaries. 

Both gas-fired and high-frequency (20,000 cps) 
induction-melting equipment are satisfactory for 
melting pure copper. Sound castings were difficult 
to produce, however, when using low-frequency 
melting equipment (3,000 cps). The increased 
stirring action associated with low-frequency equip- 
ment may contribute to increased oxygen pickup 
by the melt, thus making deoxidation more difficult. 
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MOLD SURFACE BEHAVIOR 


By 


Dan Roberts and Earl E. Woodliff** 


ABSTRACT 


The paper introduces a new method of studying 
molding and core sand expension by pouring metal 
around the standard 2-in. dia. x 2-in. long test speci- 
men. Illustrations of the simple equipment used in 
these investigations, 7s well 2s much plotted data, are 


provided. 
Factors involved for the control of sand expansion 


have been found associated with moisture, clay con- 
tent, combustibles, pouring temperatures, grain distri- 
bution and fines content. Each of these are dealt with 
separately, serving to show how one foundry has ar- 
rived at a completely stable and expension-free sand. 
A method of interpretation of test data, based on initial 
expansion and rate or average expansion in the early 
period of the tests, has enabled the authors to predict 
the sands behavior in the molds. 

While much of the test has been conducted with 
gray iron, data are included on some tests made with 
steel. Included is one foundry sand completely out of 
control, shown mainly to compare with a controlled 
sand and what may be gained through tests and study. 

The authors do not claim this to be a scientific study 
with great accuracy, but one which every foundryman 
can afford to use to improve his sands at low cost. 


Examinations of a mold shortly after pouring shows 
many cracks, and‘in rigid flask molds a tendency to 
push the sand up and out of the flask. All indicate 
that there is growth and movement to the rammed 
mold. Since all metals contract on cooling, the cause 
of this growth can be assumed as expansion of the 
mold due to temperature rise from heat given up 
from the casting. 

Measurement of thermal growth or expansion of a 
rammed sand has been possible for at least 25 years. 
The method described here was developed by the 
authors mainly because of the need for more infor- 
mation as to mold surface behavior, and a limited 
budget. Since casting of metal into sand molds is the 
natural cause of sand expansion, it seemed logical 
that this growth when measured would be more in- 
formative than straight radiation heating as in case of 
the dilatometer furnace. In addition, perhaps the cast- 
ing after cooling would reveal surface defects for a 
direct correlation with expansion. For the past 7 years 
the Oil City Iron Works has been making extensive 
tests (both research and control) which enables this 
publication, and with a definite improvement in their 
production and quality. 


*Oil City Iron Works, Corsicana, Texas. 
**Foundry Sand Engineer, Detroit, Mich. 


The Instrument 


While the instrument design was worked out at 
another foundry during the war, due to lack of time 
not enough data were accumulated to make the in- 
strument a commercial possibility. The later instru- 
ment, as built by the Oil City Iron Works for these 
studies, embodied some definite improvements. It is 
reasonably simple in design, very inexpensive, port- 
able, and has proved to give a high degree of dupli- 
cation on subsequent testing. 

It consists of four principal parts; namely, the weld- 
ed metal frame, a pouring basin type core and its 
core box, a 1/2 x 12-in. stem chaplet which has been 
both center drilled and machined on its face to be 
smooth and 90 deg to its stem. In addition there is 
the micrometer dial indicator. 

A sketch of the instrument assembly is shown in 
Fig. 1, and a photograph (Fig. 2) shows the assem- 
bly ready to make a test run. The frame consists of 
a base with recessed top in which sand is loosely 
packed and struck off level. The base, too, is ma- 
chined to assist in keeping the instrument level during 
the testing. The side arms and top cross member are 
simply for rigid support of the micrometer dial indi- 
cator. This is secured through a pillar block and stud 
with clamping screw. Thus, up-and-down adujstment 
of the indicator dial can be made. An insulated heat 
shield is provided to protect the instrument and top 
cross member from radiant heat during tests. 

The more important part of the instrument’s con- 
struction is the core or core mold (Figs. 3 and 4). 
Each test consumes one of these cores. An aluminum 
core box has been designed to provide in the core 
three important features: 

a) A pouring basin amply large to receive metal from 
a bull ladle. 

b) A dam between the pouring basin and test casting 
with under feed gates to eliminate metal turbulence 
in the test casting section during pouring. 

c) A flow-off of the exact height to bring the test 
casting surface to within 1/32-in. of specimen top. 
The core is produced from oil-bonded core sand 

and baked. These cores usually are made on work 
orders of 24 at a time, and repeat runs use the 
same core mixture, thus providing a minimum of dif- 
ferences from test to test. Cores are stocked close to 
core ovens to assure uniformly dry cores. 

Care is necessary in locating the core on the sand 
bed prior to making a test to assure exact alignment 
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Fig. 1 — Sketch of complete instrument assembly as set for 
expansion test. 


between test specimen and indicator dial. This must 
be within 1/8-in. in either direction. 

The contact between test specimen and dial indi- 
cator is a standard 1/2 in. x 12 in. chaplet, the stem 
end having been countersunk with a drill sufficiently 
to provide a machined surface for dial indicator con- 
tact point. To provide a full seat of the chaplet head 
on the test specimen, the chaplet head is turned 
smooth and at 90 deg with its stem. Life of these 
stems has been good, but they require periodic re- 
placement. The top cross member has a recess open- 
ing through which the stem projects contacting the 
Federal type, long travel dial indicator. 


TESTING PROCEDURE 


In the study of mold surface behavior the standard 
AFS 2 in. x 2 in. test specimen is used, except that 
all test specimens are oven dryed in the case of mold- 
ing sands or baked in case of cores. Drying is at 230 
F for a minimum time of 2 hr. In preparation for 
making the test a thin coating of core paste is placed 
on the specimen pedestal of the test core mold. As 
the hot dried test specimen is removed from the dry- 
ing oven it is immediately placed and secured by the 
paste. It is weighted down and allowed to cool. Sev- 
eral such test core molds with different test sands 
are usually prepared to enable more than one test 
during one heat period. 

The instrument and prepared test molds are carried 
to the foundry floor. The instrument is made level, 
sand bed packed and struck off, and a pig bed made 
at the back to receive flow-off metal. The test core 
mold is then placed in such a manner on the sand 
bed as to give alignment between specimen and dial 


Fig. 2 — Expansion meter set up ready for use. Note sim- 
plicity and portability. 


Fig. 3 — Baked core sand mold cut thru lengthwise showing 
2 in. dia. x 2 in. long test specimen pasted in place. 


Fig. 4 — Baked core mold showing top view and flow off at 
right end. 
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indicator. When the stem chaplet is in place the con- 
tact point of dial indicator should be centered and 
free. A check of this is made by raising the contact 
point several times, observing if dial reading returns 
each time to “0” setting. A usual adjustment of contact 
point is to give 0.010 to 0.020 in. above “no-load” 
position, thus, assuring complete contact at start. The 
dial face, however, is always set at “0” setting. 

Metal is brought direct from cupola assuring a fairly 
uniform temperature iron. Tests have shown higher 
temperature metals to be more active in bringing out 
the mold surface behavior and, after experimentations 
at the foundry, the pouring of tests was established 
at the 2700 F level. Figure 5 shows curves where three 
temperature ranges of metal were cast against the 
same type of sand specimen. These curves A, B and 
C, are parallel. So far as rate of expansion goes they 
are identical. Metal temperatures are read by optical 
pyrometer. 

Pouring of the test mold is at a rate similar to that 
for snap molds. But the timing of test with stop watch 
is not started until movement of dial indicator point- 
er is noted, thus, giving “0” growth at “0” test time. 
Iron is poured into the basin until some has over- 
flowed into the pig bed. Loose dry sand is then thrown 
over the basin and pig overflow to protect the opera- 
tor and instrument from heat. 

Reading of expansion is taken at 15-sec intervals 
for first minute, 30-sec intervals through 3 min, then 
at minute reading until curve reaches maximum, usu- 
ally 10-12 min. Since expansion readings are for a 
2 in. long specimen, they are divided by two and ex- 
pansion in in./in. obtained. Many test runs are 
plotted as on accompanying curves. However, after 
many tests this procedure. is unnecessary since rate 
of expansion can be calculated from data without 
need for curves. Essential data relating to the sand 
is always made a part of the records and through 
this accumulated information and test method the 
foundry has arrived at certain safe operating limits 
for molding and core sands. These control points have 
been developed through a correlation of casting re- 
sults and test results. It is well to point out that 
while they work exceptionally well at the author's 
foundry, they might well have to be adjusted for 
any other foundry. The three most important readings 
made during this test are; one and 4 min and then 
the maximum point which usually comes between the 
10- to 12-min readings. 


TEST DATA AND FACTORS EFFECTING CHANGES 


Measurement of sand expansion by casting metal 
against standard AFS specimens made from it have 
shown eight contributing factors which must be taken 
in account to control expansion defects, listed as 
follows: 


5. Rammed density 
2. Distribution of grains 6. Pouring temperature of 
3, Fines, ie., minus 140 metal 
grains 7. Pouring rate 
4. Combustible content and 8. Type of base sand 
‘types (purity and grain shape) 


All can be varied, with some lending themselves to 
change more readily than others. Combustibles and 
clay content of the sand can be changed over night, as 


1. Clay content 


Mold Surface Behavior 


well as pouring temperature and pouring time which 
are easily adjusted. To change the type of sand, dis- 
tribution, “fines” and density requires both time and 
study. Therefore, an effort has been made to determine 
the best available type of sands and their blend to 
give a distribution which produces lower expansion. 

Since “fines” influence sand expansion their maximum 

and minimum range was studied to determine what 

safety had to be built into molding sands to compen- 
sate for “off” conditions of “fines” and distribution. 

The four controls over sand defect due to expansion, 

are in this order of importance at the author’s foundry, 

due to improved control over melting and sand; 

1. Pouring temperature 3. Pouring rate 

2. Combustibles in sands and 4. Clay content of sands 
types used 

These are the controls necessary on per job bases. 
In Fig. 6, which shows expansion curves made on 

synthetically bonded snap sand heaps conditioned to 

facing quality, the three curves show two points of in- 
terest. One is the effect had from adjusting combus- 
tibles up from 3.0 to 4.1 per cent on the one min 
expansion reading. Long period casting results show 
the 3.0 per cent sand to give rat-tail defects, the 

3.6 per cent sand to spall or cope down on some 

heavy squeezer work, and the 4.1 per cent sand 

seems to be safe for fairly heavy castings. The second 
interesting point is made by comparing these light 
snap sands with the heavier main bay sands, where: 

a) 4.1 per cent combustibles in an 8 per cent clay 
sand produces close to same “initial” or one-min 
expansion, as does 10.6 per cent combustibles in an 
11.4 per cent clay sand (Figs. 6 and 7). 

b) The control point of 0.025 in./in. is ample and 
safe for this sand; as long as the curves remain 
below this reading at one min, good results usually 
are obtained. 

In dealing with factors in the main bay work we 
first take up pouring temperature. These curves A, 
B and C (Fig. 5) show increase in sand expansion 
of a heavy naturally bonded Tennessee type sand, 
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Fig. 5 — Expansion of a single type sand varies as the pour- 
ing temperature with the higher temperature metal causing 
the higher expansion. 














Dan Roberts and Earl E. Woodliff 

clay 19.5 per cent, 4-screen distribution and “fines” 
content 6 per cent, as pouring temperature is in- 
creased from 2500 to 2700 F. With the two established 
controls limits for heavy sand at 0.020/l-min and 
(.042/4-min, this would be a safe sand when molds 
are poured between 2500-2550 F, but too high an ex- 
pansion for higher temperatures. The rate of expan- 
sion is obtained by the following calculations: 


Indicator Dial Rdg. (4-min) — 
Indicator Dial Rdg. (1-min) 
6 
or, Expansion (4-min) — Expansion (1-min) 
3 
= Rate or average expansion between one and 4 min. 
Readings are in./in./min. 
In the case of varying pouring temperatures with 
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Fig. 6 —Synthetic snap or squeezer sand showing how the 
initial (1 min) expansion can be varied with varying per- 
centage of combustibles. 
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Fig. 7 — Skin dry heavy facing expansion studies showing 
variations necessary when the sand is only a_ three-screen 
distribution. 


Fig. 8 — Skin dry heavy facing expansion studies showing 
improvements had by a four-screen distribution and reduc- 
tion in fines. 


the same sand this rate of expansion shows a constant 
value of 0.0065. When considered along with the 
control point or one-min expansion this rate of ex- 
pansion indicates the behavior of the mold surface. 
At the foundry where tests were made the main floor 
sands are safe when conditions are controlled to give 
one min expansion at or below 0.020 in./in., and a 
rate of expansion at or below 0.0073 in./in./min. 


Table 1 shows readings of importance, for all curves, 
and rate of expansion. 

Considering next grain distribution and combusti- 
bles of heavy sand, skin dried molds (Figs. 7 and 8), 
we find Curve “A”—3-screen sand (Fig. 7) with 10.2 
per cent combustibles to produce buckles, whereas 


TABLE 1 — LISTING IMPORTANT EXPANSION READ- 
INGS AND CALCULATED RATE OF EXPANSION FOR 
CURVES ACCOMPANYING THIS REPORT. 


Calculated 
Avge. or 
Rate of Exp., 
in./in./min. 





Fig. Curve Initial 4-min Max. 
No. Desig- Expansion, Expansion, Expansion, 
nation (1-min) in./in. in./in. in./in. 


0.0285 0.048 0.055 0.0065 
0.022 0.0415 0.051 0.0065 
0.0195 0.039 0.049 0.0065 
0.027 0.047 0.0575 0.0067 
0.0255 0.0485 0.0600 0.0077 
0.0218 0.050 0.0595 0.0127 
0.0225 0.044 0.051 0.0073 
0.022 0.044 0.052 0.00735 
0.020 0.0405 0.0495 0.0068 
0.021 0.042 0.0465 0.0070 
0.018 0.039 0.050 0.0070 
0.0185 0.0355 0.043 0.0056 
0.022 0.048 0.055 0.0086 
0.0155 0.035 0.0435 0.0065 
0.0245 0.0458 0.059 0.00704 
0.0205 0.0375 0.048 0.0056 
0.026 0.044 0.053 0.0060 
0.0235 0.040 0.043 0.0055 
0.0325 0.052 0.0565 0.0065 
0.032 0.047 0.049 0.0050 
0.0305 0.0565 0.069 0.0086 
0.0315 0.0560 0.0081 
0.0295 0.0535 

0.026 0.049 

0.019 0.037 

0.018 0.041 

0.013 0.030 

0.0105 0.028 

0.0315 0.0542 

0.0275 0.0475 
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Fig. 9 — Expansion studies of two local core sands; oil bonded 
and baked. 


Curve “C” with same distribution is safe with 11.2 per 
cent combustibles. Curve “D” (Fig. 8) shows a four- 
screen distribution sand at 11.0 per cent combustibles 
as also safe. Curve “E” is the standard type sand for 
heavy work. When “fines” are reduced from 6.0-6.5 
per cent to 5.8 per cent, Curve “F”, the sand is ex- 
tremely safe, allowing the making of flat counter- 
weight castings of 6-in. cross sections and 15-sq ft flat 
cope area with pouring temperature of 2550 F at a 
pouring rate of 30 Ib/sec. While the sand no doubt is 
stabilized for 2700 F pouring, the lower casting temp- 
erature is used for added safety. Distribution, as 
shown, only adds safety. 

When the combustibles are in close range, going 
from a three-screen distribution to a four-screen sand 
is hardly an improvement (Curves “C” (Fig. 7) and 
“D” (Fig. 8). Change in distribution as to “fines” 
content, with a reduction showing the better control 
curve, indicates this portion of the sand grain dis- 


Fig. 11 — Expansion of a synthetically bonded sand with two 
different grinds of seacoal. 


tribution curve does influence expansion, reference 
Curves “E” and “F” (Fig.8). 

Clay, too, is considered an element which reduces 
sand expansion. Regular clay wash tests are made 
to determine its level and in order that it will not 
become low and adversely add to the sand expansion. 
The method used for this determination is one to 
give “Actual Clay” as different from AFS Clay. First, 
the AFS Clay wash loss is determined. From the wash 
bottle base the grains are transferred to a crucible and 
burnt over a hot gas burner until all black (carbon) 
has disappeared. Thus, washed and ignited sand 
grains are obtained for screen sizing test and clay 
and combustibles are the elements removed. In addi- 
tion, a second sample of original sand, unwashed, 
has been ignited and loss obtained, thus making the 
calculation of true clay possible; 


Clay (wash) + Loss on Ignition (of Washed 
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Fig. 10 — Expansion of a natural bonded Tennessee molding 
sand with and without seacoal. 


Fig. 12 — Expansion of incoming natural molding sand as 
varied by distribution of grain, 
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Fig. 13 — Expansion of a clay bonded sand at two different 
levels of moisture content. 


Grains) — Loss on Ignition (of Unwashed Grains ) 
= True Clay Substance 
The clay contents reported herein are results as cal- 
culated for true clay. Loss on ignition are results 
from igniting the dried unwashed grain. 


USE OF EXPANSION METER FOR SEPARATE STUDIES 


Following the practices outlined for control purpos- 
es, many separate studies have been made to deter- 
mine the sand behavior when one property was varied 
for a single study. The authors feel they show prop- 
erties of academic interest. It is used to check incom- 
ing raw materials as against previous supplies at the 
author's foundry. 

Reference is made to the curves for these separate 
studies, as they show clearly the problem in each 
instance: 

Figure 9—A comparison of two local sands used for 
coremaking, oil bonded and baked. One sand “T” 
having high expansion at both the one- and 4-min. 
expansion, together with high rate of expansion, while 
sand “S” is satisfactory since both expansion control 
points are low as is its expansion rate. Since both are 
white silica sand some of the reasons believed to effect 
these differences are given as fines contents and grain 
spread. The two sands are of similar grain shape and 
fineness. 

Figure 10—A naturally bonded Tennessee sand test- 
ed in its raw condition and with the addition of 
seacoal. The behavior of the sand before and after 
this addition enables the operating foundrymen to 
view for the first time the beneficial properties ob- 
tained by seacoal additives in lowering sand expan- 
sion throughout the pouring cycle as well as during 
the solidification period of the castings. The rate of 
expansion is greatly influenced. 

Figure 11—Here are shown two synthetically bond- 
ed mixtures of the same base sand and 10 per cent, 
(by weight) of fireclay bond, with their difference 


Fig. 14 — Expansion curves of sands from two separate 
foundries showing the results of a stabilized expansion as 
compared to an uncontrolled sand. 


being in the type of seacoal used. One sand, Curve 
“D”, containing 6 per cent (by weight) “D” grade 
seacoal, and the other sand, Curve “C”, containing 
6 per cent of “C” fineness seacoal. Difference in sea- 
coal fineness affecting burning rate enables the coarser 
grind to remain an active expansion control element 
over a longer period, an essential factor in making 
heavy castings in green sand molds. 


Figure 12—A natural sand having a two-screen dis- 
tribution compared with a similar sand, as to clay 
and “fines” content, but having a three-screen distribu- 
tion. While both sands are without additives and are 
above the safe control points the one with wider 
difference of grain sizes has the lower rate of expan- 
sion and upper (4-min) expansion value. Since fines 
and clay were not changed the lower (1-min) expan- 
sion point showed little or no change. 


Figure 13—Moisture variation is shown here for an 
8 per cent fireclay bonded sand, no additives other 
than water. Curves 1 and 2 are both at 5 per cent 
moisture, while Curve 3 was tempered with 4 per 
cent moisture. The 5 per cent moisture sand was test- 
ed twice to show the ability of the test to give dupli- 
cate data. In a prepared sand which closely falls in 
the safe range, one can view how excess moisture 
might well be one of the causes which produce ex- 
pansion defects. 

Related to this moisture difference is the rammed 
density of each sand. With the higher moisture level 
a density of 115 Ib/cu ft was recorded as compared 
to 100.7 lb for the 4.0 per cent sand. This may account 
for difference in expansion for with constant density 
rammed specimens the curves are similar. 

Figure 14—Shown here are two entirely different 
sands, as to base grain, bonds used, loss on ignition, 
clay contents, fines and distribution of sand grains. 
Both foundries are producing some similar type cast- 
ings, but with different end results. We believe the 
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Fig. 15 — Earlier expansion studies made with a similar ex- 
pansion meter showing a baked steel type core sand cast in 
both steel and gray iron. 


justification for the great amount of work done in 
these studies is largely shown in this single compari- 
son. 

After assembling the above information from the 
files of the Oil City Iron Works, the authors applied 
the same control factors to expansion data obtained 
as early as 1944. These studies were made on a simi- 
lar expansion meter but due to lack of sufficient in- 
formation to interpret them have not been published 
until this time. They embody sand behavior under 
conditions of pouring both with gray iron and with 
steel. Surprising as it may seem, the control points 
established by Oil City Iron Works applies equally 
well to the earlier test. 

In reference to a core sand (Fig. 15) made for 
use in armor plate, we find the expansion safely with- 
in the control limits but high in rate of expansion 
when poured in steel. The same sand poured in gray 
iron is amply safe at all control points. A similar 
core mixture, but with one-half the amount of linseed 
oil, shows lower expansion (Curve 3, Fig. 15). Explana- 
tion for the higher expansion of the sand poured in 
steel than that in gray iron seems to be in the dif- 
ference in pouring temperatures. 

Two facing sands made for armor steel showed ex- 
pansion defects and were well above the safe limits 
(Fig. 16). Facing (Curve 1) containing no stabilizer 
material, while facing (Curve 2) contained 0.9 per 
cent cereal and showed lower expansion and a much 
improved rate of expansion. These data are inconclu- 
sive as it is indicated safety can be had in steel sand 
by control over mold surface behavior. 
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Fig. 16 — Expansion of two steel green sand facings, cast in 
steel, and the reduction of expansion by the use of cereal. 


CONCLUSIONS 


1) The simple measurement of sand growth as metal 
is cast around it offers the interested foundryman 
a means of control over the many casting defects 
caused from its expansion. 


2) It is possible to predetermine the behavior of a 
sand as to its expansion characteristics by control 
over the several factors contributing to its expan- 
sion. Judgment should be exercised as to which 
factor is best means of control as to each individ- 


ual foundry. 


3) The control limits established here apply only to 
the several sands and their binders. However, 
means are offered whereby one can work out satis- 
factory control for other sands. 


4) Factors which have been found mostly influencing 
sand behavior are: 
A. Type of sand grain 
B. True clay content 
C. Distribution of grains 
D. Fine content 
E. Combustibles type and content 
F. Pouring temperature 
G. Pouring rate 
H. Rammed density or hardness 


5) While all defects are not from sand expansion it 
is the conclusion of the authors the expansion meter 
offers a distinct advantage in control of the many 
causes of mold wall movement. Through this con- 
trol one foundry has greatly improved its quality 
and production of castings. 








EVALUATION OF SHELL MOLDING PROCESS CAPABILITY 


W. C. Truckenmiller,* C. R. Baker,* and G. H. Bascom* 


ABSTRACT 


Procedures, specific results, and conclusions from in- 
vestigations for the evaluation of dimensional control 
capabilities of the shell process are reported. Both ex- 
ternal shells and shell cores are considered. Sampling 
procedures for the development of critical pattern di- 
mensions are outlined. 


INTRODUCTION 


Development of shell molding has given to the 
foundry industry a process by which more accurately 
dimensioned molds and, hence, more accurately di- 
mensioned castings are possible. The degree of im- 
provement varies with the material being cast, the 
size and complexity of the casting, the pattern layout, 
and the details of operating procedure. 

During the development of the shell molding proc- 
ess, many claims and counterclaims have been made 
on the subject of attainable dimensional accuracy. A 
considerable number of these have appeared in the 
recent literature. It is not our purpose, however, to 
either substantiate or refute such past claims, but 
rather to outline a procedure followed at the authors’ 
company for establishing attainable tolerances on cer- 
tain castings or casting dimensions. From such infor- 
mation, pattern corrections can be intelligently under- 
taken, and sampling procedures can be instituted to 
determine adherence to customer specification. Specif- 
ic numerical values together with pertinent informa- 
tion on casting size, shape, and treatment, as well 
as significant details of operating procedure will be 
given. 

It should be evident that the procedures set forth 
in the subsequent discussion are equally applicable 
to all types of shell-molding operations, but that exact 
numerical values of some deviations established here 
are essentially unique to the individual applications. 


DIMENSIONAL CONTROL OF AN AUTOMATIC 
TRANSMISSION PART 
It was decided to first make a general process eval- 
uation by measuring certain significant diametral di 
mensions and a dimension across the parting of an 
automatic transmission part shown in Fig. 1. This 
part, weighing approximately 9 Ib was produced in 
° Assistant Technical Director, Chief Pattern and Tool En- 


gineer, and Project Supervisor, respectively, Albion Malleable 
Iron Company, Albion, Michigan. 
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Fig. 1 — Automatic transmission casting. 


43010 pearlitic malleable iron, using a 5 per cent 
resin, cold-coated Vassar bank sand of 100 AFS Grain 
Fineness. 

Liquid bonding resin was used together with a con- 
ventional gluing fixture in the assembly of the molds. 
All molds were bedded in and covered with green 
sand, the bedding providing necessary support to the 
mold for pouring, and both bedding and covering 
providing added cooling rate required to prevent pri- 
mary graphitization at the mold surfaces during solidi- 
fication. Both cope and drag of a four-on mold were 
produced on a 20 X 30 in. pattern plate with a break- 
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Shell Molding Capability 


TABLE I— AVERAGE DIMENSIONS AND THREE SIGMA LIMITS FOR AUTOMATIC TRANSMISSION CASTING 
Calculated Values at the Following Nominal Dimensions 





Piece Calculated 
No. Value 3.380 2.570 


6.140 1.900 (A) 1.900 (B) 


1.900 (C) 





3.365 2.564 
0.015 0.012 
3.381 2.573 
0.015 0.018 
3.376 2.576 
0.018 0.012 
3.373 2.570 
0.015 0.012 
3.377 2.574 
0.015 0.018 
3.370 2.567 
0.012 0.015 
3.361 2.549 
0.018 0.018 
3.370 2.568 
0.018 0.012 
Max. 0.018 0.018 


13 
13 
14 
14 
15 
15 
16 
16 
17 
17 
18 
18 
19 
19 
20 
20 
All 


EE AG HIE HE XIE xg xie xg >| 


6.114 1.896 1.895 1.900 
0.016 0.030 0.021 0.022 
6.112 1.897 1.896 1.901 
0.024 0.024 0.018 0.018 
6.107 1.907 1.900 1.906 
0.024 0.021 0.024 0.027 
6.118 1.900 1.896 1.905 
0.021 0.012 0.018 0.027 
6.117 1.892 1.893 1,891 
0.018 0.009 0.009 0.012 
6.115 1.898 1.900 1.898 
0.021 0.021 0.018 0.015 
6.097 1.885 1.879 1.881 
0.024 0.018 0.018 0.024 
6.108 1,897 1.893 1.901 
0.021 0.015 0.012 0.027 
0.024 0.030 0.024 0.027 





er strip. Two such pattern plates were used for the 
results reported here; the first plate carrying piece 
numbers 13-16, and the second plate piece numbers 
17-20. 

Twenty-five castings of each piece number were 
selected at random from production castings being 
processed and the following nominal rough casting 
dimensions were measured: 1) 3.380-in. diameter, 2) 
2.570-in. diameter, 3) 6.140-in. diameter, 4) 1.900-in. 
thickness across the parting measured at machining 
locator points “A”, “B”, and “C” as indicated in Fig. 1. 

Average dimensions and standard deviations for 
each dimension on each piece were calculated by con- 
ventional methods. The results of these calculations 
are shown in summary form in Table I. 

Application of a 0.010 in./in. shrink rule to the 
nominal rough casting dimensions shown in Fig. 1 
yields the nominal pattern dimensions. For example, 
the nominal pattern dimension for the 1.900-in. cast- 
ing dimension is: 

(0.010) (1.900) + 1.900 = 0.019 + 1.900 = 1.919 in. 

All pattern dimensions were within 0.002-in. of the 
calculated correct values, and therefore complete pat- 
tern dimension data are deleted in the interest of 
simplicity. 

It may be seen from the data of Table I that on 
dimensions of approximately 3 in. (3.380 in. and 2.570 
in.) in a single half of a shell mold, the 3 sigma 
limits of the worst condition are + 0.018 in., and for 
the approximately 6 in. maximum (6.140 in.) dimen- 
sion they are + 0.024 in. The 3 sigma limits for the 
approximately 2-in. (1.900 in.) dimension across the 
mold partings are + 0.030 in. 

Generalizing for the moment, the process capability 
on this or similar parts cast in shell molds may be 
summarized as follows: 

Within 
Mold Half 
Approximate or Across 
Dimension, in Parting 
3 Within 
6 Within 
2 Across 








With expected normal distribution, 99.7 per cent 
of all castings will fall within the 3 sigma limits and 
95.5 per cent of all castings will fall within the 2 
sigma limits. 


The advantages of the shell molding process for 
this particular type of part are multifold. First, there 
is potential saving in metal removal by machining 
because of known closer tolerances compared to sand 
casting. Second, since this is a part which must be 
statically and dynamically balanced, the more uni- 
form size and shape made possible by the shell proc- 
ess materially aid the balancing operations, reducing 
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Fig. 2 — Typical split differential case casting. 
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TABLE 2— DIFFERENTIAL CASE “A” INITIAL TEST 





Piece No. 1 


Mean 
Dimension Standard 


I Deviation 


Pattern 
Dimension 





0.488 0.4822 0.0019 0.0044 
0.0039 
0.0039 
0.0030 


0.0017 
0.0017 
0.0013 


0.488 0.4822 
0.487 0.4824 
0.487 0.4821 


Average 
Range 


For Sub-Group of 5 


UCL 
R 





LCL_ 
0.4796 0.0093 
0.4796 0.0082 
0.4801 0.0082 
0.4804 0.0063 





Piece No. 2 


Mean 
Dimension Standard 


Deviation 


Pattern 
Dimension X 


Average 


For Sub-Group of 5 
UCL LCL UCL 


x x R 














0.492 0.4880 0.0012 
0.489 0.4855 0.0021 
0.489 0.4848 
0.487 0.4834 


0.0028 
0.0049 0.4884 0.4826 
0.0010 0.0023 
0.0019 0.0044 


0.0059 
0.0103 
0.4861 0.4835 0.0049 
0.4850 0.4808 0.0092 


0.4896 0.4864 





both time and cost. Third, and probably most signifi- 
cant, the greater uniformity of dimension of these 
castings better meet the exacting requirements of the 
increasingly used automated, multiple machining op- 
erations on high production automotive parts. It is 
in the area of this last-mentioned item that shell 
molding generally offers one of its most important 
advantages over less precise casting methods. 


DEVELOPMENT OF PATTERN DIMENSIONS 


A completely different problem presented itself in 
the development of pattern equipment for shell mold- 
ing of split differential cases, a typical example of 
which is shown in Fig. 2. In the development of a 
whole series of these castings, it was necessary to hold 
the width of each of four slots in each casting to 
0.510 in. + 0.010 in. No previous experience was 
available to check the validity of any conventional 
shrink rule on this particular type of dimension. Since 
the corresponding pattern configurations would also 
be slots, and repair of oversize slots in the pattern 
might prove a difficult if not impossible task, a con- 
servative approach was necessary. 

The slots in the pattern were made to a size cer- 
tain to produce undersize slots in the castings. Twenty- 


five castings of each piece number were made using 
the shell-pattern equipment and production shell- 
molding machines and procedures. Each of the slots 
was measured and mean dimensions and standard 
deviations were calculated. These values together 


with the corresponding pattern dimensions and X & R 
control limits for sub-groups of five are given in 
Table 2. 

Examination of the values in Table 2 shows the 
mean dimension of the castings to range from 0.0035 
to 0.0058 in. less than the corresponding pattern di- 
mensions, and these values to be approximately 0.025 
in. less than the ideal mean dimension of 0.510 in. 
The results did show, however, a maximum standard 
deviation of only 0.0021 in., indicating that the 3 sig- 
ma limit of + 0.0063 in. were well within the specifi- 
cation of + 0.010 in., and, therefore, once the proper 
pattern dimensions were established, no difficulty 
should be encountered in meeting print specifications. 

The pattern slots were increased from their initial 
0.478-0.492 in. size to 0.515-0.516 in., and twenty-five 
representative castings of each piece number were 
again measured, and subjected to statistical analysis. 
The results of this analysis, together with appropriate 
corresponding pattern dimensions are in Table 3. 


TABLE 3— DIFFERENTIAL CASE “A” FINAL TEST 





Piece No. 1 
Mean 
Dimension Standard Average For Sub-Group of 5 


Deviation Range x LCL_ UCL 


Pattern 





Dimension X a 


0.0077 





0.0015 0.0036 0.5104 
0.0015 0.0056 0.5082 0.0118 
0.0010 0.0023 0.5115 0.0049 


0.0010 0.0022 0.5106 0.0046 


0.516 0.5125 
0.515 0.5114 
0.516 0.5128 
0.515 0.5117 





Piece No. 2 
Mean 
Dimension Standard Average For Sub-Group of 5 


x Deviation Range LCL_ UCL 
x x R 


0.0048 
0.0082 
0.0122 
0.0097 


Pattern 





Dimension 








0.0023 0.5101 
0.0039 0.5086 
0.0058 0.5056 
0.0046 0.5065 


0.0010 
0.0017 
0.0025 
0.0020 


0.516 0.5114 
0.516 0.5109 
0.515 0.5089 
0.515 0.5091 
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It will be noted that with one sampling and a single 
correction, it has been possible to produce castings 
with a mean dimension within 0.003 in. of the ideal 
mean dimension. Further, recheck of the standard 
deviation shows a maximum of 0.0025 in., correspond- 
ing to a 3-sigma limit of + 0.0075 in., well within the 
requirements. Presuming normal distribution, the ex- 
treme dimensional limits which may be expected of 
99.7 per cent of castings produced with these pat- 
tern dimensions are 0.5014 in. and 0.5170 in., both 
values well within customer limits of 0.500 in. and 
0.520 in. 

The control limits calculated in the final test of 
this differential case, and given in Table 3, become 
usable values for quality control sampling procedures 
for the finished castings before shipment. Pattern di- 
mensions are subject to periodic check for either 
possible wear or pattern build-up. 

Similar procedure to that described above was used 
to establish the slot sizes of the entire series of split 
differential cases. The shrinkage, pattern to casting, 
in general approximated the 0.010 in./in. shrink rule, 
the values being within the range of 0.003 in. to 
0.006 in. on the nominal %-in. dimension. There was 
one notable exception to this general statement. On 
one of the castings, of basically the same design as 
all the rest, there was a radical departure from the 
expected shrink (see Table 4 for numerical values). 
Note that on slot Nos. 2 and 4 there was a somewhat 
lower than average shrinkage, pattern to casting, 
and that on slot No. 3 there was a very slight shrink- 
age, and on slot No. 1 there was an actual increase 
in the average width. No explanation is offered for 
this unexpected result, except to state that minor 
difference in design must have produced a stress pat- 
tern in the casting during and immediately after solid- 
ification which altered the normal shrinkage pattern. 
This result, however, did serve as a caution against 
future indiscriminate application of any standard 
shrink rule for castings of reasonably complex shape, 
and on which castings there are close dimensional 
tolerances. 


PROCESS CAPABILITY OF SHELL CORE BLOWING 


Information on the dimensional control capabilities 
of two types of blown shell cores was desired. The 
first of these, referred to subsequently as shell core 
“A”, was approximately 19 in. long and 2 3/4 in. 
maximum diameter, and the second, referred to as 
shell core “B”, was approximately 12 in. long and 
8 1/4 in. maximum diameter. Each of these cores 
was made in a single opening of a two-opening box, 
the other opening in each case being of slightly dif- 
ferent dimensions to produce the same finished cast- 


TABLE 4 — SPLIT GEAR CASE “B” 





Piece No. 1 


Mean Shrink, 
Slot Pattern Dimension, Standard Pattern 
Deviation to Casting 


No. Dimension X 
0.498 0.4985 0.0019 —0.0005 
0.498 0.4951 0.0027 +0.0029 
0.499 0.4984 0.0019 +0.0006 
0.0029 +0.0031 





0.500 0.4969 
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Core Diameter Perpendicular to Parting 
Fig. 3 — Histograms of frequency distribution of diameters of 


shell cores parallel to and perpendicular to the parting— 
shell core “A”. 


ing size in another material. Only the results of the 
one opening are reported here. 

A histogram of the results obtained on the initial 
tests of shell core “A” is shown in Fig. 3. Note that 
although the standard deviations for measurements 
parallel to and perpendicular to the core box parting 
are nearly identical (0.0028 in. and 0.0027 in., respec- 
tively), the mean dimensions differed by approximate- 
ly 0.006 in., the dimension perpendicular to the part- 
ing being the larger. With this approach to the 
problem, it has not only been possible to ascertain 
dimension accuracy to be expected under these ini- 
tial conditions, but values for corrections to the core 
box to obtain minimum eccentricity have been defi- 
nitely established. 

In the last case to be considered, that of shell 
core “B”, greater detail of procedure and results are 
given for the benefit of those interested, and to indi- 
cate the manners in which such results may be sum- 
marized and displayed. 

In this instance, with larger cores than those de- 
scribed in the immediately preceding discussion, some- 
what more elaborate equipment, in the form of a 
rigid carriage for handling the core box in and out 
of the core blower, was employed. A summary of the 
measurement data is given in Table 5, and displayed 
in graphical form in the histograms of Fig. 4. 

It may be seen from both the data and the histo- 
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Fig. 4 — Histograms of frequency distribution of diameters of 
shell cores parallel to and perpendicular to the parting— 
shell core “B”. 


grams that, as in the case of shell core “A”, the 
mean dimension is greater perpendicular to the core 
box parting than parallel to it. An added bit of in- 
formation is more readily seen on the histograms. 
Whereas the dimensions perpendicular to the parting 
follow an approximately normal distribution curve, 
those parallel to the parting show two rather than a 


TABLE 5— SHELL CORE DIMENSIONS — SHELL CORE 
“BR” 





Frequency 





Dimension Parallel to Parting Perpendicular to Parting 
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TABLE 6 — COMPUTATION OF AVERAGE AND 
STANDARD DEVIATION OF FREQUENCY 
DISTRIBUTION OF DIMENSIONS PARALLEL TO 
PARTING OF 100 SHELL CORES 


Shell Core “B” 
x d fd fd2 





3.184 ; } ; 6 cai 36 
85 f 30 150 
86 24 96 
87 27 81 
88 . s 50 100 
89 33 33 
90 2 0 0 
91 —! —18 18 
92 —2 —26 52 
93 —3 —78 234 
94 —4 —88 352 
95 —5 —45 225 
96 —6 —18 108 

Total —103 1485 


(from assumed origin of 3.190) = 2fd _ —103 = —0.515 
n 


200 





x 
x 


= 3.190 + 0.0005 = 3.1905 in 


me / 38df (38d)? = 
daca n n 


J 208 (.5)? = y7.425 — 250 = V7.175 =2.7 


o (in original units ) = 0.0027 in. 





TABLE 7 — COMPUTATION OF AVERAGE AND 
STANDARD DEVIATION OF FREQUENCY 
DISTRIBUTION OF DIMENSIONS PERPENDICULAR TO 
PARTING OF 100 SHELL CORES 


Shell Core “B” 
d 





fd fd2 
35 175 
16 64 
12 36 
26 52 
13 13 
0 0 
—1 —17 17 
—2 —34 68 
—3 —27 81 
—4 —4 16 

Total 20 


X (from assumed origin of 3.195) = xfd_ 20 _ 0.2 
n 100 





X = 3.195 —0,0002 — 3.1948 in. 


o = {ae _(): - 
Von n 


J 300 —(.2)2 = V5.22 —.04 = v5.18 = 2.3 


o (in original units) = 0.0023 in. 








3.184 1 
85 6 
86 6 
87 9 
88 25 
89 33 
90 29 
91 18 
92 13 
93 26 
94 22 

9 
3 





single peak series of values. It should be explained at 
this point that two readings of diameter were taken 
approximately parallel to the parting, one on each 
side and immediately adjacent to the actual parting. 

The twin peak effect is due to a slight mismatch 
caused by slightly different diameters of the core 
box halves at the parting. A recheck of the core 
box at room temperature failed to disclose any signifi- 
cant difference. The difficulty was then assignable 
to slightly different heating of the core box halves. 
No actual correction was made for this condition, 
since the error introduced from this source appeared 
to be of the magnitude of approximately 0.002 in., and 
then extant dimensional requirements did not warrant 
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the expense. The measurably better standard devia- 
tion obtained with the larger core (average sigma 
0.0025 in. as compared to 0.0027 in. for shell core 
“A”) is attributed to the greater rigidity of the 
equipment and the mechanization of core box open- 
ing employed with shell core “B”. 


CONCLUSIONS 
1) Process capability in the production of an auto- 
matic transmission part in pearlitic malleable iron 
was readily ascertainable by a statistical approach. 
Standard deviations proved to be 0.0020 in./in. on 
approximately 3-in. diameters and 0.0013 in./in. on 
approximately 6-in. diameters within a mold half, 
and standard deviation across a mold parting was 
0.0050 in./in. on an approximately 2-in. dimension. 
2) Advantages of the shell process for the production 
of the transmission part were closer dimensional 
tolerances which 1) reduce metal removal, 2) in- 


Shell Molding Capability 


crease ease of static and dynamic balancing, and 
3) provide greater uniformity desired in automat- 
ed machining operations. 


3) Statistical analysis of initial pattern tryout on split 


differential cases indicated 1) relationship between 
process capability and customer tolerances, 2) pro- 
vided an exacting approach to establishment of 
critical pattern dimensions in a single corrective 
step without danger of high cost of pattern repair 
or replacement. 


4) A single illustrative result indicated the necessity 


of cautious application of standard shrink rules to 
complex castings. 


5) Examples of process capability studies of shell core 


making equipment showed, as in the cases of cast- 
ing dimension studies, not only present process ca- 
pability but indicated numerical values for correc- 
tions to improve dimensional accuracy. 





INDUCTION MELTING IN A MAGNESIUM SAND FOUNDRY 


By 


J. G. House* and M. E. Brooks* 


ABSTRACT 

This paper describes a limited amount of work done 
in a@ magnesium sand foundry with a line-frequency 
induction furnace for melting primary magnesium and 
various forms of foundry scrap. The operating character- 
istics of the induction furnace are compared with those 
of a gas-fired tilter type furnace and the maintenance 
problems of the induction furnace are discussed. 

Interest was aroused in the line-frequency induction 
furnace when its operation was observed at a German 
automobile plant. This plant has several units which 
are used as pre-melters for holding furnaces, which 
supply molten magnesium alloy to their gravity and 
pressure die casting machines. The operation gave in- 
dications that this furnace is an efficient, clean, eco- 
nomical tool for melting magnesium alloys. With the 
extensive German plant experience to recommend it, 
a similar furnace was installed in the sand foundry of 
the authors’ company. 


GENERAL DESCRIPTION OF INDUCTION FURNACE 


The channelless line-frequency induction furnace 
is rated at 450 KW and uses a cast steel crucible of 
about 1300 Ib molten magnesium alloy capacity. In- 
side dimensions are approximately 23%-in diameter 
by 60-in deep, giving about 14 cu ft of volume. The 
furnace has three independent coils, each controlled 
by its own thermocouple which butts against the 
crucible in the area heated by the coil. The coils are 
hollow and have cooling water flowing through them 
during operation. The crucible is of cast steel about 
8 in. thick and acts as an inefficient secondary coil. 
This arrangement generates about 85 per cent of the 
heat in the crucible wall, and 15 per cent in the melt 
itself. This low-frequency current (60 cycle) imparts 
considerable stirring action to the melt. This stirring 
contributes to fast melting by washing molten metal 
past the hot crucible wall and over the solid metal 
charge. This stirring also homogenizes the melt. 

The furnace is mounted upon hydraulic cylinders 
so that the whole assembly may be tilted through 
90 degrees for cleaning, or any intermediate angle 
for pouring any portion of the melt. The furnace occu- 
pies a floor space of about 60 x 76 in. and stands 
70 in. high. It is mounted for convenience of operation 
in a pit 17 in. deep. 

The operating controls for the furnace consist of a 
small room of capacitors and switch gear, a console 
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Fig. 1 — Line-frequency induction furnace. 


for controlling and monitoring the electrical part of 
the furnace, and a console for controlling the hydrau- 
lic tilting mechanism. The capacitors and switch gear 
are enclosed to protect them from flux and flux 
fumes, and the room may be any reasonable distance 
from the furnace. Both of the control panels should 
be located in the immediate area of the furnace. 

The furnace has been used in the company’s sand 
foundry to melt metal for use in a holding furnace, 
and for regular crucible practice. 


INDUCTION FURNACE OPERATIONS 


All of the different forms of melting stock that are 
used in normal magnesium foundry practice have 
been melted in the induction furnace. The operations 
with clean scrap and primary magnesium were very 
satisfactory, although primary magnesium had a tend- 
ency to bridge. This bridging is not serious if the 
operator expends a reasonable effort in loading and 
maintaining the flow of solid metal down into the 
liquid pool. Scrap with a large amount of screens 
in it presented a problem only in that the melting 





Fig. 2 — Gas-fired tilter type furnace. 


operation had to be interrupted at more frequent 
intervals for sludging. The furnace can be tilted at 
such an angle as to allow the screens and sludge to 
be pulled slightly uphill during sludging, which gives 
an excellent metal-waste separation. 

A limited amount of die cast scrap was satisfactorily 
melted in the furnace. The smoke and fumes from 
the die lubricant on the scrap presented a problem 
not otherwise encountered, but which could be reme- 
died with extra ventilation. Also, the charred lubricant 
and flux built up a coating on the sidewalls that 
had to be scraped down after each melt. 

Chips from machine trimming operations were 
melted in the furnace but, due to their buoyancy, 
even with its violent stirring action the furnace could 
not wet them at a reasonable rate. This gave a high 
melting loss. 

Alloying of aluminum and zinc was easily accom- 
plished by putting a metal stool in the bottom of the 
crucible. The legs of this stool were long enough to 
keep the seat out of the sludge. The seat diameter 
was so nearly that of the crucible that alloying mate- 
rials could not escape down the side and damage 
the crucible bottom. 

When starting a melt to make new alloy, the prop- 
er amount of aluminum and zinc was added to the 
molten heel and then the main charge of primary 
magnesium was added. When the melt reached 1300 
F, the charge was homogeneous in composition. 

Manganese was added as MnClz (Dow No. 250 
flux), aluminum-manganese hardener (95% A1-5% Mn), 
and as MIA alloy (98.5% Mg-1.5% Mn). All were 
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satisfactory within limits, but the manganese in the 
Dow No. 250 flux and in the Al-Mn hardener do not 
go into solution well unless the melt temperature is 
somewhat above 1300 F, which precludes pouring 
below that temperature. M1A alloy can be charged 
with either scrap or primary magnesium, and the man- 
ganese goes into the alloy with excellent efficiency. 

Samples, if taken at melt temperatures of 1300 F 
or above, give the true composition of the melt. Sam- 
ples taken below this temperature usually show a 
lower level of aluminum and zinc than the melt ac- 
tually contains. This lack of homogeneity in melts 
sampled below 1300 F is probably due to insuffi- 
cient time for complete mixing and diffusion of the 
alloying elements into the upper part of the melt. 

Starting an induction furnace run may be accom- 
plished with a solid charge frozen in the furnace, 
with solid charge materials, or by charging a liquid 
heel. If liquid metal and handling facilities are avail- 
able, the latter method is the most advantageous with 
respect to heat cost and time. 

If clean scrap or primary magnesium is being melt- 
ed, the furnace does not require sludging until after 
ten or 12 melts have been processed. Melting scrap 
which contains screens or dirty scrap requiring larger 
amounts of flux, will necessitate more frequent sludg- 
ing, decreasing the period of continuous operation. 


COMPARISON OF INDUCTION AND 
GAS-FIRED TILTING FURNACES 

Molten metal produced in the induction furnace 
was of a quality comparable to that produced in a 
gas-fired tilter. No specific tests were made but no 
evidence of oxides or flux inclusions was apparent. 

Grain refining by carbon inoculation or superheat- 
ing was not tried in the induction furnace. Carbon 
inoculation should present no problems. Superheating 
would be expensive as the temperature differential 
between the crucible wall and the metal becomes 
very small at temperatures of 1550 F and above, and 
thus the heating rate is very slow. It is possible, 
however, to heat the melt in excess of 1600 F. 

Degassing with chlorine gas was done in the in- 
duction furnace and was very effective. The only 
drawback here was that the time spent for gas re- 
moval was lost for molten metal production. 

Operating characteristics such as melting rate, melt- 
down metal loss, flux consumption, fuel, and labor, 
of the induction furnace were compared with those 
of a 2000-lb capacity gas-fired tilting furnace. The 
comparison is not quite equitable as the gas-fired tilt- 
ing furnace was used on a batch basis, while the in- 
duction furnace was used in a semi-continuous opera- 
tion. 

Gas-fired furnace data were obtained by making 
one melt each with primary magnesium plus alloying 
materials, clean scrap, and screeny scrap. A one-shift 
run was made with each of these materials in the 
induction furnace, plus a run of three melts of ma- 
chine trim chips, and a five-melt run of die -cast 
scrap. AZ63A was used in all the run; except the 
die cast scrap, which was AZ9I1A. 


Melting Rates 
Melting rates, of course, depend upon many factors 
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TABLE 1 — MELTDOWN METAL LOSS AND FLUX CONSUMPTION 





Primary Mg + Alloy 


Clean Scrap Screeny Scrap® 








Meltdown 
Metal Loss, % 


Flux 
Used, % 


Flux 
Used, % 


~~ Flux Meltdown 
Used, % Metal Loss, % 


Meltdown 
Metal Loss, % 





Induction 
Furnace 1.0 0.5 
Gas-fired 
Tilting Furnace 1.5 1.1 


0.65 0.14 0.9 1.2 
0.8 0.6 2.5 3.7 


®*The weight of scrap melted was corrected for the weight of screens it contained. 





including the type of material being charged and the 
pouring temperature. Technical personnel obtained 
induction furnace melting rates as high as 1850 lb/hr 
for clean scrap, and 1600 lb/hr for primary magnesium 
plus alloying materials, both poured at 1300 F. 

When scrap was melted, pours were of 850 lb, and 
when primary magnesium plus alloy was being melt- 
ed, pours were of 700 Ib. As the furnace holds 1300 
lb, this means that a considerable heel is left, but 
when pounds poured versus melting rate was plotted 
for a large number of melts, these amounts of metal 
poured each cycle of operation gave the highest melt- 
ing rates. To measure these amounts, a calibrated 
quadrant was welded onto the pivot point of the 
furnace. The amounts of these pours correspond to 
tilting through 65 degrees for scrap and 60 degrees 
for primary magnesium plus alloy. 

Melting rates of from 750: to 1500 lb/hr with an 
average of 1230 lb/hr were obtained over a week's 
production run of two shifts a day. During this period 
the cycle of operations was such that a pour was 
made about every half hour. The charges of metal 
melted during this production run were about equally 
divided between new metal to be alloyed and batches 
of clean scrap. The time included all charging, sludg- 
ing, time lost at the beginning and end of each day’s 
run, etc. All metal was transferred at 1300 F. 

In comparison, the gas-fired tilting furnace, using 
a batch cycle, gave about 550 lb/hr melted and 
poured at 1300 F. It is estimated, however, that two 
gas-fired furnaces using a semi-continuous melting 
cycle similar to that used in the induction furnace 
operation would give as many pounds melted per 
hour as one induction furnace. 


Metal Loss 


Meltdown metal loss varies with the material being 
melted. Screens or the use of extra amounts of flux 
tend to entrap more metal in the slidge. The losses 
recorded here are those incurred while transforming 
solid metal into molten metal (Table 1). This loss 
is only a small part of the total loss generated during 
the complete melting, processing, and casting cycle. 

The data given in this table are based on the proc- 
essing of about 5500 Ib. of metal through the induction 
furnace and about 2000 lb of metal through the 
gas-fired tilting furnace. 

In addition to the melting of the types of material 
given in Table 1, about 3000 Ib of die cast scrap and 
about 2000 Ib of machine chips were melted in the 
induction furnace with metal losses of 8.1 and 7.7 
per cent, respectively. The flux consumption was 5.1 
per cent on the die cast scrap and 6.5 per cent on 
the machine chips. 

The lower meltdown metal loss found on the induc- 


tion furnace runs is probably due to two factors. First, 
the induction furnace melts metal much faster than 
the gas-fired tilter, and therefore there is less time 
for burrting to occur during meltdown. Second, there 
is a capacity-surface area ratio of about 3 Ib of metal 
per sq in. of melt surface area in the induction furnace, 
while in the gas-fired tilter furnace this ratio is about 
two to one. 

The accuracy of any metal loss determination de- 
pends upon the exactness of the weighing done in 
conducting it. Weighings for these meltdown metal 
losses were made on a 2000-Ib capacity platform scale. 
To eliminate “zero” error, all weighings were made by 
difference. In the case of solid items such as primary 
magnesium, scrap, aluminum, or zinc, a steel rack 
was left on the scale while weighing to give an 
“empty” weight. Molten metal was weighed by weigh- 
ing a crucible plus shank before and after filling. 


Flux Consumption 


During the meltdown, flux has to be added repeat- 
edly to control burning in both the gas-fired tilter 
and in the induction furnaces. Once meltdown is com- 
plete, one covering will suffice. This will not be true 
for the induction furnace unless there is a sufficient 
height of metal over the top coil so that the stirring 
action does not break the surface flux film. This can 
be accomplished by welding a 4-in. collar around the 
top of the crucible so that more depth can be ob- 
tained above the top coil. Dow No. 230 flux was used 
for all the runs with the exception of the die cast 
scrap run, when Dow No. 234 was used. 


Fuel Consumption 


Fuel consumption figures were taken as the average 
of eight shifts of 8 hr each for the induction furnace 
and for one melt on the gas-fired tilter. On this basis 
fuel requirements were 0.265 KWH/|b melted in the 
induction furnace, and 2.5 cu ft of natural gas (1000 
BTU/cu ft) per pound melted in the gas-fired tilter 
furnace. The cost of warming the induction furnace 
crucible up is a material item and the more melts 
that can be spread over one warm-up, the lower the 
KWH per pound. For example, over one run covering 
two shifts (16 hr) of continuous operation, during 
which just about ideal conditions existed, a figure of 
0.202 KWH/Ib melted was obtained. 


Labor 


One man could run two adjacent induction furnaces 
or four adjacent gas-fired tilters. This would give the 
gas-fired tilters and induction furnaces of the sizes 
used in this work about the same labor cost per pound 
of metal melted. 





MAINTENANCE OF THE INDUCTION FURNACF 


Other than routine electrical and hydraulic mainte- 
nance, the crucible is the only part of the furnace 
needing regular repair. Although it is not exposed to 
a flow of air, it tends to oxidize, and the scale formed 
must be removed periodically from the furnace pit 
before it can build up enough to become a safety 
hazard or react with the crucible pit lining. When 
the crucible is: sandblasted and aluminum sprayed 
prior to installation, it will run about 120 melts with 
no appreciable scaling. 

While operating, the crucible is exposed to a mag- 
netic field of considerable intensity. The magnetic 
force acting on the crucible while it is in a semi- 
plastic condition during the melting cycle causes the 
walls to bulge inward adjacent to the heating coils 
and outward between the coils. The inward bulging 
is of no consequence concerning maintenance, but the 
outward bulging must be considered. In time the bulg- 
es would contact the crucible pit lining, which would 
be torn out upon crucible removal. 

The new cast steel crucibles are 28-in. in diameter 
and the crucible pit is 30 in. inside diameter. Rate 
of crucible growth is nearly linear, so it can be pre- 
dicted when they will be about 29.5-in. diameter at 
the bulge. When this occurs, the crucible is machined 
back to its original diameter. 

A good crucible will last at least 1000 melts and 
may have to be machined one or two times during 
that span. 


Machining, which reduces the crucible wall thick- 
ness, and bulging, which increases the air gap between 


Induction Melting Magnesium 


the coil and the crucible, decrease the melting rate. 
The uneven inside of a distorted crucible also de- 
creases the melting rate as it is much more prone ‘o 
cause bridging of the charge than is a new smooth 
crucible. A crucible with 500 melts on it may have its 
melting rate reduced by 3 per cent for scrap and 
25 per cent for primary magnesium (42-lb pigs). The 
greater loss in melting rate for the primary magnesium 
is due to its greater propensity to bridge. The com- 
bined effect of less wall thickness, greater air gap, 
and more bridging may make it economical to discard 
a crucible before it becomes unsafe for use. 

During periods of high humidity, the coils tend to 
sweat due to their being cool, and to pick up mois- 
ture because of the flux dust on them. If the furnace 
is started when they are wet, they may arc between 
themselves and burn a hole that will cause a water 
leak. Accumulation of moisture can be prevented by 
opening the back of the furnace and directing a bat- 
tery of heat lamps on the coils during shutdowns. 

The work with this low-frequency induction furnace 
shows that it is capable of melting magnesium alloy 
in the sand foundry under production conditions and 
when operated by production personnel. Based on 
somewhat limited experience, it would appear that 
the operating characteristics of the induction furnace 
compare favorably with those of conventional gas- or 
oil-fired melting units. The final decision as to whether 
the induction furnace or the gas- or oil-tilter furnace 
is the more desirable melting equipment will depend 
upon local considerations, including the relative costs 
of equipment and installation, fuel and power costs, 
and the molten metal requirements of the foundry. 





INVESTIGATION OF THE HARDENING 
OF SODIUM SILICATE BONDED SAND 


By 


Carl E. Wulff 


This investigation was undertaken to better under- 
stand the hardening mechanism of COz2-bonded sand. 
Very little has been written of the manner and meth- 
ods by which sodium-silicate-bonded sand is hardened. 
An understanding of the fundamentals that are in- 
volved in this bonding process certainly will aid in 
the solving of practical foundry problems. 

The hardening of sodium-silicate-bonded sand falls 
into three categories: 

1) Carbon dioxide hardening 
2) H2O evaporation hardening 
3) Thermal hardening 

Each of these methods was investigated, and form 
the basis for this paper. All tests were performed 
with the following materials unless otherwise stated: 


Sand: Silica sand, washed and dried screen analysis 
U.S. Std. Sieve No. % Retained 
20 ‘a 
30 
40 
50 
70 
100 
140 
200 
270 
Pan 
AFS G.F.N. 
Binder: Commercial sodium silicate 
Ratio NazO:SiOz = 1:2.4 
Solids — 46.9% 
Viscosity 17 poises 
Baume 52° 
Gas: Proprietary carbon dioxide 


*Instructor, Dept. of Mining & Metallurgy, University of 
Wisconsin, Madison, Wisc. 
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The above binder was used as it is the basis for 
the bulk of the proprietory binders now on the market. 
The effects of additives found in most commercial 
binders are eliminated in that the binder is 100 per 
cent sodium silicate. The sand was dried before using 
to avoid the influence of moisture on the bonding 
action. Mixing was accomplished in a standard 18 in. 
dia. laboratory muller. The muller was sealed to avoid 
any presetting of the sand during mixing.' 

Standard tensile samples were produced with three 
rams of the standard sand rammer. Gassing was ac- 
complished with a gas pressure of 10 psi, unless other- 
wise stated; the gas entering the top of the core while 
in the corebox and passing out through a 40-mesh 
screen at the bottom. 

The standard tensile test specimen cores were used 
in this investigation and as they are relatively small 
cores (105 gm) the results should be interpreted 
with this in mind. 


CO2 Hardening 

In order to show the hardening due to COs reac- 
tion, the sodium silicate sand was gassed with wet 
COz produced by bubbling the gas through water. 
In Fig. 1, the specimen gassed with wet CO2 gained 
strength up to one min and then lost strength; half 
the maximum strength being produced in the first 
10 sec of gassing. In gassing with dry COz, a curve 
similar to the wet COz2 curve resulted but with a slow 
rise and fall. In both cases, slightly over 40 psi maxi- 
mum strength was developed for 3 per cent binder. 

Figure 2 shows the effect of gassing time versus 
tensile strength for various binder percentages; addi- 
tional binder requires a longer gassing time to reach 
peak strength. Gas pressure was reduced to 3 psi 
to obtain a slower rate of flow; thus allowing the COz 
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Fig. 1— The effect of gassing time on tensile strength for 
wet and dry CO> gas. 
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Fig. 2 — Gassing time versus tensile strength for three dif- 
ferent binder percentages. 


gas to have ample time to react with the sodium 
silicate. This lower rate of flow would tend to mini- 
mize the evaporation of H2O of the binder. 


H2O Evaporation Hardening 


The tensile strength developed by the sample in 
room atmosphere is shown in Fig. 3. Room tempera- 
ture was 70 to 75 F and relative humidity was 62 
to 70 per cent. The tensile strength increases rapidly, 
reaching a maximum in 14 hr, and then rapidly de- 
creases and levels off at approximately half the maxi- 
mum strength. Referring to Fig. 1, it appears that the 
maximum evaporation hardening strength is three 
times the maximum CO: hardening strength. 

Hardening by moisture evaporation can also be 
demonstrated by gassing with a gas other than COs. 
Figure 4 shows the result of gassing with nitrogen 
and testing immediately. The strength rises rapidly, 
reaches a maximum, and then falls slightly. 

in order to determine if the moisture in the air 
had any effect on the hardening; samples were gassed 
with COz for 20 sec and then placed in a dessicator 
and in room atmosphere. Figure 5 shows the curve 
for each condition. Samples gassed with CO2 and 
then placed in low humidity atmosphere reach a 
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Fig. 3 — Evaporation hardening as shown by tensile strength 
for various hardening periods. 
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Fig. 4 — The variation of tensile strength with nitrogen gas- 
sing time. 


slightly higher strength but fall to a somewhat lower 
strength. 


The effect of gassing with COz on the evaporation 
hardening is shown in Fig. 6. Gassing times of 10 
sec and 40 sec were used and, except for the initial 
strength immediately after gassing, the gassing time 
does not seem to affect the evaporation hardening 
strength to any great extent. The evaporation harden- 
ing strength attains a higher value without gassing 
than with gassing, but falls to a lower value. Gassing 
with wet or dry COz (Fig. 7) does not seem to affect 
the evaporation hardening strength, but the wet COz 
specimen required a longer set time. 

Characteristic curves of evaporation hardening for 
various binder percentages are shown on Fig. 8. The 
tensile strength rises to a maximum in 16 to 24 hr, 
drops off approximately 25 per cent and then levels off. 


Thermal Hardening 


Sodium silicate bonded sand can be hardened by 
heating as shown on Fig. 9. As the specimen hard- 
ens, the strength increases until it is hard throughout. 
After 125 min the tensile strength was 185 psi, and 
after 4 days the strength was 187 psi. Thus it appears 
that additional heating time does not increase the 
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strength. Specimens were broken immediately after 
removing from the oven. 

The strength of thermal hardening depends upon 
the temperature to which the specimen is heated. 
Figure 10 shows how the tensile strength varies with 
the hardening temperature; the maximum strength 
being developed at approximately 300 F, further in- 
creases in temperature producing lower strengths. This 
curve agrees very well with a typical curve, Fig. 11, 
which is characteristic of the strength variation with 
temperature.” The thermal hardening retains most of 
its high strength during a period of set, as shown by 
Fig. 12. 

The effect of gassing with COz prior to the thermal 
hardening is shown by Fig. 13. As the time of gassing 
is increased, the strength attained by the thermal 
set is reduced. 


Chemical Hardening 


To check the possibility that there may be a chem- 
ical reaction between the binder and the sand which 
may aid the hardening of the specimen, the following 
test was performed. Specimen cores in an unhard- 
ened state were placed in a 100 per cent humidity 
atmosphere. After a period of several weeks they still 
retained their soft condition and showed no tendency 
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Fig. 5 — The effect of atmosphere as shown by the tensile 
strength for various set periods. 
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Fig. 6 — Effect of the time of CO2 gassing upon evaporation 
hardening. 
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to. harden. When placed in an oven at 220 F, they 
hardened to the same strength as the specimens placed 
in the oven immediately. 


Core Deterioration 


The loss of strength of a sodium silicate bonded 
core is an important practical matter and so tests were 
made to determine the cause. 

The effect of moisture was demonstrated by placing 
cores hardened by COz hardening and thermal hard- 
ening in 100 per cent humidity. Both cores became 
soft and entirely without strength during a period of 
several days. An attempt was made to reharden the 
CO: set core with COs gas, but practically no strength 
was attained. The thermal set core was placed in an 
oven and reached one-third of its former high strength 
(260 psi). In another test, cores hardened at 400 F 
were placed in 100 per cent humidity. When they 
became entirely soft (3 days), they were gassed with 
COz and thermally hardened. 

The results showed that a core which is hardened 
by thermal hardening and then softened in 100 per 
cent humidity can be rehardened to its original 
strength by thermal hardening. When this softened 
core is hardened by COz gas its strength is just slight- 
ly less than if hardened with COz immediately after 
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Fig. 7 — Evaporation hardening strengths after gassing with 
wet and dry COz gas. 
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Fig. 8 — Evaporation hardening curves for various binder 
percentages. 
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Fig. 9 — Effect of thermal hardening time upon tensile 
strength. 


mixing. A core fused at 2000 F lost almost half its 
strength but remained hard (scratch hardness 85). 
Even when placed in water for a week, this core 
retained its hardness. 

It was suggested by Richard Heine that a thin 
film of sodium silicate placed on a smooth hard sur- 
face such as a glass might give some indication of 
the nature of strength loss. The thin film of binder 
after several days in room atmosphere showed fine 
hairline cracks, the thinner portions of the film frac- 
turing first. A film of binder placed in an oven for 
thermal hardening did not show the fracturing even 
after several weeks in room atmosphere. This agrees 
with the good storage life of thermally hardened speci- 
mens. If the film of binder was placed in a moisture- 
free atmosphere, the fracturing due to drying oc- 
curred even sooner than in the films allowed to dry 
in room atmosphere. 


DISCUSSION 


Carbon dioxide as a hardening agent of sodium 
silicate produces a low strength when compared with 
the potential strength available from this binder. Its 
chief merit lies in its ability to harden the sand mix- 
ture rapidly and produce half its maximum strength 
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Fig. 10 — Effect of hardening temperature upon tensile 
strength. 
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Fig. 11 — Typical curve of strength variation with tempera- 
ture. 


in 10 sec. Overgassing quickly results if COz hardening 
is the only hardening mechanism acting. 

The gassing time required to reach maximum 
strength varies with the percentage of binder in the 
sand. The more binder present the greater will be the 
strength if sufficient gassing is performed. This, of 
course, agrees with the concept of a film of sodium 
silicate surrounding the sand grains; within limits a 
thicker film requires more COz and results in a 
stronger bond. 

Sodium silicate sand will harden by the evaporation 
of moisture from the binder as indicated by the hard- 
ening of specimens in room atmosphere. To discount 
the fact that CO2 in the atmosphere may have some 
effect, the specimen was gassed with nitrogen. In 12 
min the maximum tensile strength was reached com- 
pared with 14 hr for atmosphere evaporation. The 
more rapid the moisture loss, the lower the maximum 
strength that can be attained. 

Most hardening of sodium silicate sand cores is a 
combination of COz hardening and evaporation hard- 
ening; COz giving the initial set and evaporation 
producing additional strength. The amount of reason- 
able gassing does not appear to affect the maximum 
strength that a certain sand mix will reach. Thus, 
just enough gassing to make a core that can be han- 
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Fig. 12 — The variation of tensile strength with set time for 
thermally hardened specimens. 
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Fig. 13 — The effect of CO gassing time on tensile strength 
for thermally hardened specimens. 


dled and then hardening by evaporation appears to 
be best from an economic standpoint. 

It is characteristic of the evaporation hardening and 
CO:2-evaporation hardening to rise to a maximum, 
decline, and then level off. The evaporation harden- 
ing without gassing reaches a higher maximum but 
also drops off a greater amount. The reason for the 
decline after reaching a maximum will be discussed 
later. The highest strength that can be obtained is 
by heating the specimen or thermal hardening. This 
type of hardening appears to be of a different nature 
from COz and evaporation hardening for the follow- 
ing reasons: 

1) Much higher strengths are obtained. 

2) The high strengths are retained. 

3) Thermal set is drastically reduced by prior COz 
hardening. 

4) Fracturing of the binder film does not seem to 
occur as readily as in evaporation hardening. 

Thermal hardening is a way of obtaining high 

strengths with moderate binder percentages. 

No hardening appears to develop unless COz, evap- 
oration, or heat or combination of these are applied 
to the sand mixture, 

The room temperature deterioration of cores appar- 
ently occurs by two mechanisms: 


1 Fracturing of binder film, or 

2) Softening of binder film. 

The first is by cracking of binder due to the evapora- 
tion of moisture or prolonged gassing. Cores hard- 
ened by the thermal method do not readily deteriorate 
by this process. In COe-evaporation hardening this 
deterioration is evident in the decline from a maximum 
strength of the characteristic time-hardening curves. 
This type of deterioration is most noticeable in the 
weak edges and other friable parts which lose moisture 
rapidly. 

The softening of the binder film is due to the pick- 
up of moisture from the atmosphere. All three types 
of hardening are affected by this reversible process, 
but to the least extent in thermally hardened cores. 
The amount of moisture in the atmosphere will affect 
the rate of deterioration. 


CONCLUSIONS 


1) Hardening of sodium silicate bonded sand can be 

accomplished by three methods: 
a) COz hardening 
b) H20O evaporation hardening 
c) Thermal hardening 

2) The COz hardening and evaporation hardening, al- 
though achieved by different mechanisms, appear 
to be similar. 

3) Thermal hardening is different from the CO2-evap- 
oration hardening, but in the lower temperature 
range of oven baking it is still a reversible process. 

4) Long COs gassing is of no advantage, and for 
economic reasons evaporation set is recommended. 

5) Thermal hardening produces high strengths at mod- 
erate binder percentages. 

6) Room temperature core deterioration can be of 
two types: 

a) Fracturing of binder (moisture loss) 
b) Softening of binder (moisture pickup ) 
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FUNDAMENTAL STUDIES ON EFFECTS OF SOLUTION 
TREATMENT, IRON CONTENT, AND CHILLING OF 
SAND CAST ALUMINUM-COPPER ALLOY 


By 


E. M. Passmore,* M. C. Flemings** and H. F. Taylor** 


ABSTRACT 


The related effects of solution treatment temperature, 
iron content, and chilling on the structure and proper- 
ties of alumi pper alloys have been studied. Solu- 
tion treatment temperatures and times greater than those 
normally employed have been found to result in sub- 
stantial property improvement of aluminum-copper alloy 
sand castings. For example, mechanical properties of 
42,000 psi tensile strength, 27,000 psi yield strength and 
7 per cent elongation were obtained in an unchilled .4.5 
per cent copper alloy test specimen which had been 
solution treated at normal commercial solution treating 
temperature (960 F). Mechanical properties were raised 
to 47,000 psi ultimate tensile strength, 27,000 psi yield 
strength and 13 per cent elongation by using a step 
heat treating schedule with final solution temperature 
at 1010 F. Specimens were aged at 310 F before testing. 
The improvement effected by the higher solution tem- 
perature was found to be due to more complete solution 
of CuAle. 

Reduction of iron impurity below 0.24 per cent was 
also shown to result in property improvement of sand- 
cast aluminum-copper alloys. A 4.5 per cent copper al- 
loy specimen containing 0.24 per cent iron, solution 
treated and aged at normal temperatures, possessed 
mechanical properties of 33,000 psi ultimate tensile 
strength, 26,000 psi yield strength and 3 per cent elonga- 
tion. Lowering the iron content to 0.03 per cent resulted 
in an improvement of mechanical properties to 43,000 
psi ultimate tensile strength, 26,000 psi yield strength 
and 7 per cent elongation. 

A substantial portion of the property improvement 
attributable to chilling normally heat treated aluminum- 
copper alloy castings was found to be due to the fact 
that chilling refines the size and distribution of inter- 
metallic compounds in these alloys. 








NOTE: Based on a thesis submitted by E. M. Passmore in 
partial fulfillment of the requirement for the Sc.D. degree, 
Department of Metallurgy, Massachusetts Institute of Tech- 
nology. 

"Senior Scientist, Avco Manufacturing Corp., ** Assistant 
Professor and Professor, respectively, Massachusetts Institute 
of Technology. 
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INTRODUCTION 


It has been recently shown that chilling, together 
with close control of other foundry variables, may be 
used to substantially raise the mechanical properties 
of aluminum alloy castings. For example, present spe- 
cifications permit mechanical properties of 195 alloy 
castings (4.5% Cu, bal. Al) to average as low as 
22,500 psi ultimate tensile,strength 20,000 psi yield 
strength and % per cent elongation.’ If foundry vari- 
ables, (including chemistry, grain size, gas content, 
and heat treatment) are closely controlled, properties 
of the order of 37,000 psi ultimate tensile strength, 27,- 
000 psi yield strength, and 3 per cent elongation may 
be produced in an unchilled 1-in. thick sand casting. 
If chills are added to the sand casting, the proper- 
ties are raised to values as high as 55,000 psi ultimate 
tensile strength, 27,000 psi yield strength and 18 per 
cent elongation.’ 


The present work has been undertaken to determine 
if greater control of the solution-treating operation 
or of impurity content, might be effective in sub- 
stantially improving the properties of sand-cast alu- 
minum-copper alloys. If so, these techniques might 
be used in conjunction with or in place of chilling, 
to produce high strength-high ductility castings. A 
second objective of the investigation has been to 
gain, if possible, an insight into the basic mechanism 
whereby chills improve the mechanical properties of 
aluminum-copper alloy sand castings. 


When aluminum-copper alloys solidify, they do so 
in a eutectic fashion. The phase diagram (Fig. 1) 
indicates that only alloys containing over 5.65 per 
cent copper should possess eutectic in their final 
microstructure, but in practice, due to “non-equilibri- 
um” freezing in sand or chill molds, eutectic is found 
in alloys containing as little as 1/2 per cent copper. 
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The eutectic appears at grain boundaries and between 
dendrite arms (Fig. 2); it is made up largely of CuAle 
intermetallic compound with some aluminum-copper 
solid solution intermixed. Because of the brittle na- 
ture of the CuAls, a relatively small amount of this 
compound at grain boundaries tends to reduce the 
strength and ductility of aluminum-copper alloys. 


Fortunately, the grain boundary eutectic can be 
dissolved in alloys containing less than 5.65 per cent 
copper by proper heat treating. It is necessary, in 
theory, only to heat these alloys to temperatures 


above the line ~ of Fig. 1 for a sufficient length 


of time (solution treat) and then water quench. Ini- 
tial phases of this investigation conducted on 195 
alloy (4.5 per cent Cu) indicated that normal solution 
treatments (960 F, 8-24 hr, water quench) do in fact 
nearly completely solutionize the cast alloy when 
heavily chilled. In unchilled sand castings, however, 
the CuAls is in much more coarsely distributed form, 
and the same time and temperature of solution treat- 
ment leave considerable brittle compound undissolved 
(Fig. 8b illustrates a typical example). 


In view of the foregoing, it was considered that a 
major reason why chills improve the mechanical prop- 
erties of aluminum-copper sand castings might be that 
the chills make the alloy more amenable to heat treat- 
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Fig. 1—Aluminum-rich portion of the aluminum-copper 
phase diagram. Shaded area represents range of solution 
treatment temperatures and copper contents studied. 





Fig. 2—Photomicrograph of aluminum—5 per cent copper al- 
loy, x 150. (As cast). 
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Fig. 3—Sketch of test pattern. Test bars were taken 
parallel to the chill face and at distances of 0.4, 1.4, 3.4, 
and 5.4 in. from the face. 


ment. A study was therefore undertaken to determine 
1) if the brittle compound in unchilled alloys could 
be more completely dissolved by solution treating at 
high temperatures and for longer times than those 
commercially employed; and 2) if the more complete 
solution treatment of the intermetallic CuAl2 would 
result in substantial property improvement of un- 
chilled aluminum-copper alloys. 

A concurrent study was undertaken of the effects 
of another intermetallic compound—that caused by 
iron impurity. The compound formed by this impurity 
in aluminum-copper binary alloys is the needlelike 
Cu2FeAl:.** Investigation was conducted of the ef- 
fects of this compound on mechanical properties of 
chilled and unchilled aluminum-copper alloys. 


PROCEDURE 
1) Test Casting and Melting Practice 


The test casting used throughout this work is illus- 
trated in Fig. 3; it is a sand-cast end-chilled plate, 
5 in. wide by 10 in. long by 3/4-in. thick. The plate, 
for all tests, was end-chilled with a 2 1/2-lb copper 
chill molded in green sand. Four test bars were taken 
from each casting at distances of 0.4, 1.4, 3.4, and 5.4 
in. from the chill. The bar at 0.4 in. represented a 
severely chilled section, and the bar at 5.4 in. was 
sufficiently far from the chill to nearly represent an 
unchilled section. 

Melting stock was high purity virgin material. For 
most of the experimental work 99.9 per cent pure 
aluminum was used, but for the study of the effect 
of iron content on mechanical properties a 99.99 per 
cent grade of aluminum was employed. Copper of 


TABLE 1 —CHEMICAL ANALYSES OF EXPERIMENTAL 








HEATS 
Copper Titanium Iron Silicon 
Heat (%) (%) (%) (%) 
a 3.7 0.16 0.07 0.15 
b 4.25 0.15 0.08 0.16 
c 5.15 0.15 0.06 0.15 
d 5.8 0.14 0.05 0.13 
e 4.7 0.11 0.03 ND 
f 4.7 0.11 0.07 ND 
g 4.7 0.11 0.11 ND 
h 4.7 0.11 0.24 ND 
i 4.5 0.12 0.03 7 
j 4.5 0.12 0.09 7 
k 4.5 0.12 0.20 T 
ND = None detected 
T = Trace 
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Fig. 4—Effect of varying solution treatments on mech- 
anical properties of aluminum-3.7 per cent copper alloy. 
Heat a. After the above solution treatments (see text for 
full description) all specimens were water quenched and 
aged 14 hr at 310 F before testing. 


99.9 per cent purity was used throughout; the melts 
were grain refined with an aluminum-titanium master 
alloy, and iron was added (when required) by an 
aluminum-iron master alloy. Chemical analyses of ex- 
perimental heats are listed in Table I. 

In melting, the high purity pigs were charged first, 
and master alloys added as soon as melting began. 
Degassing was accomplished with a special grade of 
dry nitrogen (-73 F dewpoint). Nitrogen was bubbled 
through the melt for 15 min at 1200 to 1300 F. Gas 
content was checked with a reduced pressure tester; 
the metal was held 5 min. to allow dross flotation and 
poured. 

The only variation in this procedure was that the 
varying iron levels of heats e-h, and i-k were ob- 
tained by split tapping; a predetermined amount of 
aluminum-iron master alloy was added between each 
tap, and the metal degassed 5 min before pouring. 
Heats e-h, and i-k were each single melts. 


2) Study of the Effect of Varying Solution Treatments 


In order to study the effect of varying solution 
treatments on aluminum-copper alloys, four alloys 
were poured in the test pattern described above. The 
alloys centered around 195 alloy composition; they 
were 3.7, 4.25, 5.15, and 5.8 per cent copper. Eight test 
plates of each alloy were poured, and the four bars 
described were cut from each plate for test. 


Aluminum-Copper Alloy 


Solution treatment was carried out in a furnace 
specially constructed to produce uniform, controlled 
temperatures; temperature control was +2 F. A stand- 
ard solution treatment at 960 F (for 24 hr) was first 
given all specimens. For 16 of the bars (4 bars from 
each of four plates of different copper contents) this 
was the only solution treatment employed. Remaining 
bars were given progressively more intensive solution 
treatments. The last of these was a culmination of 
the others and will be described in detail. Sixteen 
specimens of four copper contents and four distances 
from the chill were placed in the furnace and heated 
to 960 F for 24 hr (as described); the temperature 
was then raised to 980 F and held for an additional 
24 hr, then raised to 1000 F for another, and so on to 
1010 F, 1015 F, 1020 F, 1025 F, and 1030 F. At the end 
this process, the 16 specimens had been in the furnace 
for 8 days. They were then quenched. Intermediate 
heat treatments between the two extremes cited were 
given by dropping one or more of the days at the 
higher temperatures. The final solution temperature 
for a given set of bars therefore varied from 960 F 
to 1030 F in the sequence given above. After solution- 
izing, all bars were water quenched. 

Specimens were kept at room temperature for 2 to 
3 weeks between solution treating and aging. Aging 
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Fig. 5—Effect of varying solution treatments on mech- 
anical properties of aluminum-4.25 per cent copper al- 
loy. Heat b. After the above solution treatments all 
specimens were water quenched and aged 14 hr at 310 
F before testing. 
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was carried out at 310 + 10 F for 14 hr, in a commer- 
cial recirculating air furnace. Standard 1/2-in. diam- 
eter, 2-in. gage length test bars were machined from 
the test specimens and pulled. Yield strengths were 
taken at 0.2 per cent offset. Test data were plotted 
as mechanical properies versus final solution tem- 
perature, as shown in Figs. 4-7. 

The effect of the solution treatments on the struc- 
ture of the alloys was determined by examining the 
microstructure visually, and by X-rays (microradiog- 
raphy). Specimens for microradiography were pre- 
pared by polishing thin sections of the shoulders 
of selected test bars to 0.005-in. thickness. Radiographs 
were then taken using microfile film and suitable 
radiation. 


3) Study of the Effect of Varying Iron Content 


In order to study the effect of varying iron content 
on mechanical properties of aluminum-copper alloys, 
a series of approximately aluminum—4.5 per cent cop- 
per alloy plates were poured; iron content was varied 
from 0.03 per cent to 0.24 per cent. 

All plates were heat treated 24 hr at 960 F, water 
quenched, and aged as described above. The four 
test bars were cut from the plates (Fig. 3) and tested. 
Mechanical properties were reported versus per cent 
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Fig. 6—Effect of varying solution treatments on mech- 
anical properties of aluminum-5.15 per cent copper al- 
loy. Heat c. After the above solution treatments all 
specimens were water quenched and aged 14 hr at 310 F 
before testing. 
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Fig. 7—Effect of varying solution treatments on mech- 
anical properties of aluminum-5.8 per cent copper al- 
loy. Heat d. After the above treatments all specimens 
were water quenched and aged 14 hr at 310 F before 
testing. 


iron as shown in Fig. 11. Effect of iron on the 
microstructures was examined by metallographic tech- 
niques. 


1) Effect of Varying Solution Treatments 


The effect of the various solution treatments on 
the mechanical properties of the specimens tested 
is illustrated in Figs. 4-7. These show that increasing 
the solution treatment temperature of aluminum-cop- 
per alloys above 960 F generally increases the mechan- 
ical properties of the alloys. The improvements in 
mechanical properties are greater in the alloys of 
higher copper content. Improvements also tend to be 
greater for the metal several inches from the chill 
than for metal near the chill, especially at the lower 
solution times and temperatures. Even in an alloy 
of as low as 4.25 per cent copper, the improvement 
to be gained by intensive solution treating is sub- 
stantial. The 4.25 per cent copper test bar furthest 
from the chill, solution treated at 960 F, yielded me- 
chanical properties of 42,000 psi ultimate tensile 
strength, 27,000 psi yield strength, 7 per cent elonga- 
tion. Increasing the final solution temperature to 1010 
F raised these properties to 47,000; 27,000; 13.° 


*The shorthand 47,000; 27,000; 13 is used to denote 47,000 
psi ultimate tensile strength, 27,000 psi yield strength, 13 
per cent elongation. 





(a) Solution treated one day at 960 F, 0.4 in. from chill. 


(b) Solution treated one day at 960 F, 5.4 in. from chill. 


(c) Solution treated 4 days; final solution temperature, 1010 F; 
5.4 in. from chill. 


Fig. 8—Microradiographs showing the effect of distance from 
the chill and solution treatment on the structure of aluminum- 
4.25 per cent copper alloy. Heat b. 16. Dark areas represent 
undissolved CuAls. Light areas represent microporosity. 


In Fig. 8, microradiographs of the aluminum 4.25 
per cent copper alloy illustrate how the increased 
solution treatment improves mechanical properties. 
After only a one day solution treatment at 960 F, 
no copper-rich particles are visible in the microradio- 
graph of the metal near the chill (Fig. 8a.) Me- 
chanical properties at this location are 52,000; 29,000; 
17, and very little improvement is obtained here by any 
further solution treating (Fig. 5). In the more slowly 
cooled area of the casting, however, massive CuAlz 
particles are easily seen (Fig. 8b); mechanical prop- 
erties of the test bar with this structure are 42,000; 


Aluminum-Copper Alloy 


27,000; 7. When the test bar in this (slowly cooled) 
location is heated for 4 days to a maximum tempera- 
ture of 1010 F, essentially all the CuAlz is dissolved, 
and the mechanical properties correspondingly im- 
prove to 47,000; 27,000; 13. 

At the high levels of copper content the changes 
in mechanical properties with increasing solution 
treatment temperature can be correlated in a similar 
way with the solution of CuAlz. As illustrated in 
Figs. 6 and 7, however, the properties of these alloys 
decrease at the excessively high solution tempera- 
tures employed due to localized melting, or “burn- 
ing.” Figures 9 and 10 illustrate the changes in struc- 


(c) Photomicrograph. «200 


Fig. 9—Structure of 5.15 per cent copper alloy, 5.4 in. from the 
chill. Solution treated one day at 960 F. Heat c. Dark areas in 
microradiograph and photomicrographs are largely CuAls. Some 
needlelike iron compound is also visible in Fig. 9 (c). Light 
areas of microradiograph represent microporosity. 
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ture which occur by raising the solution treatment 
temperature of a 5.15 per cent copper alloy. Figure 
9 shows the microradiographic and metallographic 
structure of the (slowly cooled) alloy solution treat- 
ed one day at 960 F. Rather large amounts of CuAl2 
are apparent in the structure. Mechanical properties 
were 40,000; 29,000; 5. After 4 days solution treat- 
ment, with a maximum temperature reached of 1010 
F mechanical properties of the alloy reached a maxi- 
mum (Fig.6). At this point all the CuAle was essen- 
tially dissolved, as shown in Fig. 8; properties were 
approximately 50,000; 33,000; 8. 


(a) Microradiograph. x 18 


(b) Photomicrograph. 25 


(c) Photomicrograph. x 200 


Fig. 10—Structure of 5.15 per cent copper alloy, 5.4 in. from 
the chill. Solution treated 4 days, final solution temperature 
1010 F. Heat c. Needlelike, dark areas of the photomicrograph 
at x 200 (Fig. 10c) are probably iron compound. Light areas of 
the microradiograph represent microporosity. 
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Fig. 11—Effect of iron on the mechanical properties of alumi- 
num-4.5 per cent copper alloy. Heats e-k. All specimens solu- 
tion treated at 960 F one day, water quenched, aged 14 hr at 
310 F. 


2) Effect of Varying Iron Content 


The effect of iron content in the very low range of 
0.03 per cent to 0.24 per cent is shown in Fig. 11. 
Mechanical properties of an alloy containing approx- 
imately 4.5 per cent copper and 0.24 per cent iron 
are 33,000; 26,000; 3, but reducing the iron content 
to 0.03 per cent increases these properties to 43,000; 
26,000; 7. Solution treatment used for this study was 
960 F for one day, for all specimens. 

The structural difference between an aluminum- 
copper alloy containing 0.03 per cent iron and one 
containing 0.24 per cent iron is illustrated in Figs. 
12 and 13. In Fig. 12, of the 0.03 per cent iron alloy, 
the only second phase visible (after heat treatment) 
is scattered undissolved CuAlz. In Fig. 13, a photo- 
micrograph of the 0.24 per cent iron alloy, a substan- 
tial number of needlelike Cu2FeAl: particles are 
visible, in addition to the more rounded CuAlez. The 
shape or amount of CuzieAl: particles was not ob- 
served to be appreciably changed in the solution 
treatment cycle. 

It is of interest to note in Fig. 11 that the iron 
particles are more deleterious to the tensile strength 
of the unchilled than the chilled metal. Figure 14 
illustrates that this may well be due to the fact 
the chill tends to refine the size and distribution of 
the iron particles. Near the chill the CuzFeAlz par- 
ticles are quite small and interspersed more or less 
evenly over the structure. At 5.4 in. away from the 
chill, the particles are coarser and more concentrated 
at grain boundaries where it might be expected they 
would be more deleterious to mechanical properties. 


3) Effect of Chilling on Structure 
The preceding studies of the effect of solution treat- 





Fig. 12—Photomicrograph of an aluminum-4.5 per cent copper 
alloy containing 0.03 per cent iron. Solution treated one day 
at 960 F, 5.4 inch from the chill. Heat i. «200. Rounded dark 
areas are undissolved CuAlo. 


ments and iron content on the structure and proper- 
ties of chilled and unchilled alloys shed considerable 
light on the basic mechanism by which chills improve 
the properties of (normally heat treated) aluminum- 
copper castings. 

Chills refine the size and distribution of the alumi- 
num-copper intermetallic, permitting more complete 
solutionizing of this compound at standard solution 
treating temperatures. This effect alone accounts for 
a substantial portion of the beneficial effect of chill- 
ing, since the properties of the unchilled material may 
be so markedly improved by more complete solution 
treatment (Figs. 4-7). Chilling must have other bene- 
ficial effects, however, since complete solution treat- 
ment does not render the unchilled material quite as 
strong as the chilled material. 

A second benefit of chilling is to refine the size 
and distribution of impurity intermetallics such as 
CuzFeAl; (Fig. 13). These impurities are not dis- 
solved by heat treatment, but the fine distribution 
resulting from chilling is apparently less deleterious 
to mechanical properties than the coarse distribution 
occurring in unchilled sand castings (Fig. 11). 

Chilling has two other effects on the structure which 
have not been extensively investigated herein. It re- 
duces microporosity, as may be seen in Fig. 8, and 
this may be expected to result in some property im- 
provement. Chilling also slightly reduces the grain size. 
For example the grain size of the 5.15 per cent 
copper bars furthest from the chill averaged about 
0.19-millimeters diameter; those nearest the chill were 
about 0.16-millimeters diameter. 


DISCUSSION 


Solution treating aluminum-copper alloys at higher 
temperatures (and for longer times) than those nor- 
mally employed has been shown to result in sub- 
stantial mechanical property improvements. These 
property improvements have been correlated with the 
increased solutionizing of copper-aluminum intermet- 
allic (CuAlz) obtained at the higher solution treating 
temperatures. 

In alloys containing 4.25 per cent copper or less, 
solution treatment temperatures above those normally 
employed had little effect on the chilled section of 
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the casting. The chill acted to refine the CuAl: 
sufficiently so that it was completely dissolved during 
solution treatment. At distances away from the chill, 
however, solution temperatures above the normal 
960 F substantially improved both the ultimate ten- 
sile strength and elongation of the alloys. In the 
alloys containing 5.15 per cent and 5.8 per cent cop- 
per, an improvement in mechanical properties due 
to high heat treatment was observed in both chilled 
and unchilled sections. 

Dissolved iron impurities reduce mechanical prop- 
erties of aluminum-copper alloys by forming needles 
of Cu2FeAlz. These needles are deleterious to me- 
chanical properties in amounts even less than 0.24 
per cent, and iron content should be kept to the 
minimum possible if maximum mechanical proper- 
ties are desired. The iron particles are less deleterious 
to the properties of the chilled sections than the un- 
chilled sections; apparently because the particles are 
of finer size and more even distribution in the chilled 
sections. 

Chills markedly improve the mechanical properties 
of aluminum-copper alloy sand castings given normal 
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Fig. 13—Photomicrograph of an aluminum-4.5 per cent copper 
alloy containing 0.24 per cent iron. Solution treated one day 
at 960 F 5.4 in. from the chill. Heat h. 200. Needlelike 
dark areas are iron compound. Rounded dark areas are un- 
dissolved CuAlo. 


commercial solution treatments. This investigation has 
shown that chilling affects the structure of such 
castings by 1) refining the size and distribution of 
CuAls, 2) refining the size and distribution of im- 
purity intermetallic compounds such as Cu2FeA1z, 3) 
reducing microporosity, and 4) slightly reducing grain 
size. In this work, items 1) and 2) were shown to 
account for a substantial portion of the property im- 
provement attributable to chilling aluminum-copper 
castings. : 

It is essential to note in closing that the work 
which has been presented here is of a basic, explora- 
tory nature. As yet, no attempt has been made to 
convert the data to practical production of high 
strength-high ductility castings. Such a conversion 
may well be feasible, and indeed may offer some 
attractively high mechanical properties. For example, 
with a 5.15 per cent copper alloy, and suitable heat 
treatment, but without chills it should be possible to 
produce a casting with mechanical properties of 50,- 





(b) 5.4 in. from chill 


Fig. 14—Effect of distance from the chill on microstructure of 
aluminum-4.5 per cent copper alloy containing 0.24 per cent 
iron. Solution treated one day at 960 F. Heat i. Photomicro- 
graphs, < 140. Needlelike dark areas are iron compound. 


000 psi ultimate tensile strength, 35,000 psi yield 
strength, and 8 per cent elongation. Since tempera- 
ture is far more important than time in obtaining ade- 
quate solutionizing,® it should be possible to obtain 
complete solution treatment in much shorter times 
than those employed here, simply by raising the cast- 
ings directly to the desired temperatures. However, 
no attempt has been made in this work to determine 
if the heat treatment necessary to obtain the above 
properties would be either feasible or justifiably eco- 
nomical in production. Two general practical conclu- 
sions may nonetheless be made. These are, that for 
production of high strength-high ductility aluminum- 
copper castings, iron content should be as low as 
practicable an? «lution temperature as high as pos- 
sible without resuiting in casting warpage or partial 
melting. 


CONCLUSIONS 


1) Increasing solution treating temperatures (and 
times) above those normally employed improves 
the mechanical properties of aluminum-copper al- 
loys. Alloys studied contained from 3.7 to 5.8 per 
cent copper. 
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2) Mechanical properties of a slowly cooled alumi- 
num—4.25 per cent copper alloy were 42,000 psi 
ultimate tensile strength, 27,000 psi yield strength, 
7 per cent elongation after heat treating one day 
at 960 F. Using a step heat treating schedule with 
final solution temperature 1010 F, mechanical prop- 
erties of 47,000 psi ultimate tensile strength, 27,000 
psi yield strength, 13 per cent elongation were 
obtained. Greater improvements were obtained 
with alloys containing larger amounts of copper. 
Heat treating a 4.25 per cent copper alloy chilled 
section at temperatures greater than those normally 
employed does not appreciably improve the me- 
chanical properties. This is attributed to the fact 
that the chill sufficiently refines the CuAlz in this 
alloy that a normal solution treatment is able to 
essentially homogenize the alloy. 

4) The increases in elongation and tensile strength 
obtained by intensive solution treating were due 
to the reduction in amount of undissolved CuAlz 
resulting from the solution. 

In 5.15 and 5.8 per cent copper alloys, elongation 
and tensile strength go through maxima with in- 
creasing solution treatment time and temperature. 
The decreases in these properties after the maxima 
are due to localized melting of copper-rich regions. 
Iron as an impurity lowers the mechanical proper- 
ties of aluminum—4.5 per cent copper alloy even 
when present in amounts less than 0.24 per cent. 
The lower properties are due to the presence of 
needlelike Cu2zFeA17 particles. 

Iron does not affect the mechanical properties of 
a chilled section of aluminum-copper alloy as much 
as it does a slowly cooled section. This is attributed 
to the fact the CuzFeAl: particles are finer and 
more evenly distributed in the chilled metal. 

A substantial portion of the property improvement 
attributable to chilling of normally heat treated 
aluminum-copper castings is due to 1) refinement 
of the size and distribution of CuAle intermetallic 
and 2) refinement of the size and distribution of 
impurity intermetallics. 
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IMPROVEMENT OF CASTINGS BY PRESS FORGING 


By 


A. H. Murphy,* L. L. Clark,** and W. Rostoker* 


ABSTRACT 


It is demonstrated that significant increases in the proof, 
yield, and ultimate strengths of cast and heat-treated 
alloys can be achieved by cold or warm deformations of 
the order of 15-30 per cent. Work was confined to two 
high-strength aluminum casting alloys and one magne- 
sium alloy. It was shown that the strength gains are 
made at some sacrifice in ductility so that this process is 
not advantageously applicable to all alloys. Also, in some 
instances nonconventional aging practices can accomplish 
the same thing. A description is given of methods for 
producing precision cast dies for use in press forging of 
castings. Results are given on the press forging of a com- 
mercial magnesium casting which confirm the magnitude 
of improvement shown by test coupons. 


The competition between forgings and castings is 
usually determined by price, mechanical properties, 
volume output and rate of entry into manufacture. 
The disparity in mechanical properties between cast- 
ings and forgings is often the factor that rules the 
casting out of acceptance. 

This paper describes a program of work designed 
to improve the mechanical properties of castings by 
small deformations below the recrystallization temper- 
ature using a press forging procedure which should 
not seriously increase the cost of the final product. 
The results indicate a useful hybrid of the two basic 
operations. The program was sponsored by the Manu- 
facturing Methods Branch of the Air Materiel Com- 
mand, U. S. Air Force. 

The research program is separable into a number 
of consecutive phases. The fundamental verification 
of the value of press forging was performed on cast 
coupons whose initial cast or preheat-treated forging 
was performed on cast coupons whose initial cast or 
preheat-treated mechanical properties were very uni- 
form. A large casting was designed from which num- 
bers of specimens could be cut, all of which were 
equivalent to a high degree. 

The coupons were forged between flat, preheated 
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platens, the pressure-deformation characteristics being 
concurrently determined. Tensile specimens machined 
from the deformed coupons were tested destructively 
to provide proof stress, yield stresses, ultimate strength, 
and elongation at fracture. The optimum conditions 
for enhancement of mechanical properties were dupli- 
cated on an actual commercial magnesium casting. 

The casting itself was tested for both service de- 
flection and fracture stresses. Since an appreciable 
part of the cost of a forging derives from the capital 
investment in dies, it was deemed necessary, in order 
to preserve the price range of the casting, to produce 
cheap dies. A system for the precision casting of die 
cavities using hardenable beryllium copper was de- 
veloped. These cast dies were used successfully to 
close-die, press forge the magnesium casting. 

Work was concentrated on two aluminum alloys, 
356° and 220°, and on one magnesium alloy, AZ92.° 
All three find general use in high-strength casting 
applications. Both the aluminum 356 alloy and the 
magnesium AZ92 alloy are used in their heat-treated 
conditions. The aluminum 220 alloy, although capable 
of aging, is generally used in the solution-treated 
state. 


PRODUCTION OF CAST TEST BARS 


The test coupons for press forging were bars 1-in 
square by about 8 in. long. Each coupon was to have 
two opposed cast surfaces to mate with the die sur- 
faces, thus simulating the actual frictional conditions 
in a production operation. These test bars could have 
been cast in test bar molds. To avoid criticism that 
the press forging was applied to sounder metal than 
is normally encountered in castings, the test bars were 
cut from a cast plate 12-1/2 in. x 8 in. x 1 in. 

Problems were encountered in the design of gating, 
risering, and chill systems which would permit the 
production of plates whose soundness and mechanical 


* Analyzed compositions: 
Al 356 — 7.03 Si; 0.03 Cu; 0.33 Mg; 0.13 Ti; 0.20 Fe; 0.04 
Zn 
Al 220 — 9.8 Mg 
Mg AZ92 — 9.2 Al; 2.0 Zn; 0.14 Si; 0,18 Mn 








Fig. 1—Design of final aluminum 356 alloy casting. 





Fig. 2—Design of final magnesium AZ92 alloy casting. 


properties were closely uniform throughout. The final 
designs for casting aluminum 356 plates and for mag- 
nesium AZ92 plates are shown in Figs. 1 and 2, 
respectively. 

The casting behavior of the aluminum 220 alloy 
was found to be more nearly like that of magnesium 
than aluminum in many respects. The plate casting 
design in Fig. 2 was therefore used. To produce the 
correct freezing pattern it was necessary to use chills 
on the drag half of the mold located symmetrically 
about the center line of the plate. In the case of Al 
220 alloy, the chill was of cast iron, 12 in. long x 3 in. 
wide x 1 in. thick. 

In magnesium foundry practice it is customary to 
use a cast iron chill which is scored and coated with 
a chill wash. For the present purposes, this produced 
a cast surface which was unsuitable for comparative 
press forging. Elimination of the scoring in the chill 
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Fig. 3—Plate as cut from final casting and method of cutting 
and numbering test bars from the casting. 


caused large surface defects in the casting which gave 
the appearance of gas bubbles. 

No drying system or chill wash system was found to 
eliminate this. Various treatments and geometries of 
cast iron chill were attempted with no success. The 
use of copper, graphite, magnesium, aluminum, and 
stainless steel was tested as a replacement for cast 
iron. In all but the first instance, copper, the same 
bubbly surface was encountered. 

For reasons which are not understood, copper chills 
permitted the production of castings with satisfactory 
surface. Interestingly enough, copper-plated chills 
proved to be unsuitable substitutes for solid copper 
chills. The final shape of copper chill was a T-section, 
with 2-3/8 in. x 1/8-in. flat and about 1 in. x 1 in. leg. 
This permitted castings of good surface, soundness, 
and grain size. 

The pattern of sectioning of the cast plates is 
shown in Fig. 3. The ends were discarded. In a 
series of about 40 specimens the reproducibility of 
properties from plate to plate and from specimen to 
specimen within a plate was evaluated. The data on 
this, using test pieces as shown in Fig. 4, are sum- 
marized in Table I. 

The evidence is that the quality control of the 
specimen blanks was an adequate basis for a press 
forging research program. In general, the average 
level of mechanical properties was about that en- 
countered in commercial castings. The square cross 
section of the tensile test pieces would be expected 
to lower strengths and ductilities somewhat. 

The compressive stress-strain behavior under simu- 
lated forging conditions is of concern to the general 


Fig. 4—Illustration of test piece machined from cast and pressed 
blanks. 
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TABLE 1 — UNIFORMITY OF TENSILE PROPERTIES IN CAST TEST PLATES 





Tensile spread, 


Alloy psi spread, psi 


0.2% yield strength 0.1% yield strength 


Proof stress Elongation 


spread, psi spread, psi spread, % 





Al 356-T6 33,700-37,300 
(90%)* 


25,200-29,000 
(100%) 


20,000-25,000 
(90%) 


Al 220-T4 28,000-33,000 


(100%) 


27,000-31,100 
(90%) 


17,000-19,700 
(97%) 


Mg AZ92-T6 


Heat Treatment Procedures 


22,500-27,100 16,500-21,300 2.5-4.5 
(100%) (92%) (89%) 


7-13.5 
(90%) 


8,000-10,500 1-2 
(97%) (90%) 


15,000-20,000 
(94%) 


19,000-24,000 
(97%) 


14,000-16,200 
(97%) 


Al 356-T6—solution treated at 1000 F for 12 hr, water quenched, aged at 300 F for 4 hr. 


Al 220-T4—solution treated at 765 F for 14 hr, water quenched. 


Mg AZ92-T6—solution treated at 765 F for 6 hr, cycled to 665 F for 2 hr, cycled to 765 F for 10 hr, air quenched, aged at 500 F 


for 4 hr. 
*Percentage of specimens in the quoted -pread of properties. 





purpose of developing the process of press forging 
of castings. One can expect the pressure-deformation 
characteristics of an alloy to depend on temperature 
of pressing, height-to-width ratio of the specimen, and 
frictional conditions (surface roughness and lubrica- 
tion). 

Each of these factors has been investigated in some 
detail. The testing arrangement is shown in Fig. 5. 
The press was 1000-ton capacity. The flat-faced die 
blocks mounted on the press platens were heated by 
inset cartridge elements. The 8 in. x 1 in. x 1 in. test 
blocks were preheated in a separate furnace before in- 
sertion between the die blocks. The pressing experi- 
ments were conducted isothermally. 

All coupons were pressed with the as-cast surfaces 
in contact with the die faces. No lubrication was 
used except where specifically described. Pressing 
temperatures in the range of room temperature to 
the peak aging temperature were used. The cast cou- 
pons were heat treated prior to forging either to the 
solution-treated or fully aged state. Pressing speeds 
in this work were set at about 0.5 in./min. Within the 
practical range of pressing speeds this factor should 
have only a minor influence on requisite pressures. 
All pressures reported have been corrected to the 
final cross-sectional area of the specimen. 


Fig. 5—Hydraulic press with die blocks in place for forging 
test bars. 
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Fig. 6—Per cent deformation obtained by forging pressures on 
Al 356 alloy at three forging temperatures. Samples forged in 
solution-treated condition. Height-to-width ratio of samples 1:1. 
No die lubricant used. 
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Fig. 7—Relationship between temperature and forging pres- 
sures for Al 356 alloy. No lubricant used. Height-to-width ratio 
of specimens 1:1. Solid lines refer to solution-treated condi- 
tion; dashed lines refer to the aged (T6) condition. 


The most detailed study of pressing behavior was 
concentrated on the Al 356 alloy. Pressure-deforma- 
tion curves were derived for three temperatures, for 
both the solution-treated and T6 aged cofidition and 
for deformation ranges from 0-40 per cent reduction in 
thickness. A series of specimen curves are shown in 
Fig. 6. A graphical summary of the results for all 
combinations of degree of deformation, temperature, 
and state of heat treatment is given in Fig. 7. 
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Fig. 8—Pressure-Deformation Relationships for Al 220 alloy 
forged at room temperature. Horizontal lines represent spread 
in measurements; circles represent best average data. 
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Fig. 9—Pressure-deformation relationships for Mg AZ92 alloy 
forged at 400 F. Closed circles for the aged (T6) condition; 
open circles for the solution-treated condition. 


As will be demonstrated in a subsequent section, 
the resultant mechanical properties are not seriously 
influenced by the pressing temperature in the range 
studied. There is, therefore, advantage to forging at 
300 F in reduced press requirements. Furthermore, at 
this temperature the influence of state of aging is 
minimized. 

Because the Al 220 alloy is used generally in the 
solution-treated state, press forging of specimens of 
this alloy were confined to room temperature. The 
requisite pressures for 0-40 per cent reductions in 
thickness are shown in Fig. 8. This alloy is obviously 
stiffer in forging than Al 356. 

The Mg AZ92 alloy at low temperatures has only 
a limited capacity for press reduction; a 45 degree 
fracture results thereafter. Only above 300 F can a 
large reduction be tolerated. A pressing temperature of 
400 F was chosen for study; this is 100 F below the ag- 
ing temperature for the T6 condition. The pressure-de- 
formation curves are given in Fig. 9. 

Apart from temperature and prior thermal history 
of the alloy, the pressure-deformation relations may 
be affected by geometry in terms of the height-to- 
width (or diameter) ratio and by the existence of 
lubricants between the casting and contacting die 
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faces. The height-to-width ratio governs that propor- 
tion of the total volume of the specimen under the 
deformation which is under the restraint of the fric- 
tional forces at the casting-die interface. 

Such restraint acts to raise the apparent yield stress. 
An example of the influence of this ratio on the req- 
uisite deformation pressures for magnesium alloy bars 
pressed at 400 F is shown in Fig. 10. Clearly a height- 
to-width ratio of less than 0.3 will necessitate exces- 
sively high forging pressures. It is well to be mindful 
that the height-to-width ratio changes during forging 
in the direction of lower values. Thus, a given section 
may be geometrically satisfactory initially but by 
spreading may become prohibitively difficult to con- 
tinue to work. 

A number of colloidal graphite lubricants, molyb- 
denum disulfide, and silicone oil lubricants were test- 
ed for their influence on the deformation pressures 
of the magnesium alloy at 400 F. In all instances reduc- 
tion of the friction had no significant effect in reduc- 
ing the deformation pressures. Effects were observed 
on the spreading characteristics of the coupons—that 
is, lubricated specimens tended to spread more uni- 
formly. 

In general, the requisite press capacities for com- 
mercial castings as indicated by the results for the 
three alloys are not beyond practical limits. This is 
especially true when it is considered that selective 
press forging of critical areas of a casting may be 
all that is needed to improve service performance. 


MECHANICAL PROPERTIES OF PRESS-FORGED 
SPECIMENTS 

The pressed bars were machined to test pieces 
with a rectangular test cross section. Specimens which, 
prior to press forging, were in the solution-treated 
state were given the appropriate aging heat treatment 
cycle. There are a variety of ways in which the data 
can be meaningfully presented, but space limitations 
preclude all but the most interesting. 

A typical trend of tensile properties of the Al 356 
alloy with degree of press forging is illustrated in 
Fig. 11. The temperature of press forging in the 
range R.T.-300 F did not have much influence on the 
tensile properties, as shown in Fig. 12. The rate at 
which strength is enhanced by degree of deformation 
is greater when the T6 condition is the state prior to 
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Fig. 10—Effect of height-to-width ratio of the forged Mg AZ92 
test coupons on the pressure required for various deformations. 
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forging (Fig. 13), but the rate of decline of ductility 
is also greater. 

There is no simple preference for the aged prior con- 
dition for forging as compared to the solution-treated 
state. This is obvious from the manner of presentation 
of the results in Fig. 14. For small increments in 
strength the loss in ductility is less for the prior aged 
condition. For large increments of strength, the loss 
in ductility is less for the prior solution-treated con- 
dition. 

The price in ductility paid for the gains in strength 
by press forging of the Al 356 alloy was disappoint- 
ing. Actually, the aging cycle for the T6 condition 
does not yield peak aging. If the aging heat treatment 
is prolonged, strength levels comparable to those 
shown in the graphs can be obtained with the same 
loss in ductility. 
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Fig. 11—Physical properties of Al 
356 alloy press forged in the aged 


(T6) condition. Forged at room 
temperature. 
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Fig. 12—Effect of forging temperature on the physical proper- 
ties of Al 356 alloy given different forging deformations. Data 
obtained from samples forged in solution-treated condition and 
then aged (T6). 
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Fig. 13—Increase in 0.1 per cent offset yield strength 
vs forging deformation and corresponding change in 
per cent elongation for Al 356 alloy forged at 300 F. 
Curves A300 for alloy in the aged (T6) condition; $300 
data for alloy in the solution-treated condition and aged 
subsequently to forging to (T6) condition. 
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Fig. 14—Combinations of ultimate strengths and 0.2 per cent 
yield strengths with elongations obtained by press forging the 
Al 356 alloy at 300 F. $300 data for alloy forged in the solu- 
tion-treated condition and then aged to the (T6) condition; 
A300 data for the alloy forged in the aged (T6) condition. 


Obviously, if these combinations of strength and 
ductility are desirable, heat treatment is the easier 
way to produce them. This would not be true where 
it is desired to have the bulk of the casting in the 
T6 condition and selected areas at higher. strength 
levels. Critical areas such as bosses or hubs could 
be press forged while maintaining standard proper- 
ties in most of the casting. There is a parallel in the 
selective hardening of steel parts by induction heat- 
ing or carburizing. 

More encouraging results were obtained with the 
Al 220 alloy. It is evident from Fig. 15 that this alloy 
responds well to press forging. An increase in 0.2 per 
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Fig. 15—Effect of forging deformations on the mechanical 
properties of Al 220 alloy forged in the (T4) condition. 
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Fig. 16—Per cent increase in proof stress of Mg AZ92 alloy by 
press forging (T6) condition. 
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Fig. 17—Magnesium casting of AZ92 alloy. 
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Fig. 18—Deflections under load and increases in load-sustaining 
capacity of cast and press forged magnesium elevator arm (T6) 
condition. 
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cent yield strength from 24,500 psi to 49,000 psi and 
the retention of 7 per cent elongation make a press- 
forged casting with properties that surpass many 
forgings. In many cases a complete casting could be 
forged about 20 per cent with a resultant gain of 65 
per cent in the yield strength and a 50 per cent gain 
in tensile strength. In other castings, critical areas 
could be forged the full 40 per cent with a resultant 
gain of 100 per cent in the yield strength and 64 per 
cent in tensile strength. These enhanced properties 
could not be achieved by heat treatment. 

The magnesium AZ92 alloy also responded well 
to the press forging treatment. As illustrated in Fig. 
16, forging in the solution-treated state proved most 
advantageous to proof stress improvement. This also 
held true for tensile and yield strengths. A forging 
deformation at 400 F of 20 per cent was adjudged opti- 
mum for this alloy. The following improvements in 
properties were realized: 


As-Cast Press forged 


and heat and heat Improve- 
treated (T6), treated (T6), ment, 
psi psi Jo 


Proof stress 9,400 16,200 72 
0.1% yield strength 15,200 24,000 58 
0.2% yield strength 19,800 27,800 . 43 
Ultimate strength 29,500 35,000 19 
% elongation 1.9 1.9 no change 








Heat treatment cannot duplicate this measure of im- 
provement. 


PROPERTIES OF A PRESS-FORGED MAGNESIUM 
CASTING 

In order that the conclusions drawn from the defor- 
mation of cast coupons not be regarded as interesting 
abstractions, it was considered desirable to demon- 
strate their practical validity on an actual casting in 
use as an aircraft component. The casting chosen and 
illustrated in Fig. 17 is an elevator arm. The alloy 
in use is magnesium AZ92. The hub, ribs, and raised 
bosses are typical features of many castings. 

Press-forged castings and undeformed castings of 
the same dimensions were destructively tested in a 
test fixture designed to simulate the direction and 
magnitude of service loads. The original production 
castings were used for press-forging experiments. The 
20 per cent reduction in the closed die forging oper- 
ation yielded a finished part with somewhat different 
dimensions. 

Redesigned castings were produced to the dimen- 
sions of the pressed parts. These were used for com- 
parison of deflection and rupture loads. The results 
of these tests are summarized in Figs. 18 and 19. 
Clearly, the early favorable results on cast coupons 
were duplicated in the actual casting. Tensile speci- 
mens taken from the rib section of the various parts 
showed the following comparative properties: 


Production Part ARF Cast Part Pressed Part 





Ultimate strength, 
psi 40,800 


39,800 47,300 
24,300 25,200 35,000 
3 2.5 2.5 


Yield strength, psi 
Elongation, % 
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Fig. 19—Effect of press forging on the permanent deformation 
under load of magnesium elevator arm (T6) condition. 


Fig. 20—Illustration of the upper half of the die set cast in 
beryllium copper for the press forging of the cast magnesium 
alloy elevator arm. 


PRODUCTION OF CAST DIES FOR PRESS FORGING 


The objective of improvement of castings by press 
forging without substantial increase in cost would be 
difficult to reach if the normal expenditures of die 
sinking had to be borne. It was therefore within the 
province of this research program to attempt to pro- 
duce the dies necessary for the forging of the mag- 
nesium elevator arm by a casting process. 

Dies with the cavity detail and surface of the as- 
cast state were successfully produced from beryllium 
copper. The castings for the die cavities were made 
using a sillimanite facing on a green sand mold. The 
sillimanite shell was produced by the Shaw process, 
the firing being performed by means of a torch. Pour- 
ing temperatures for these castings was 2000 F. 

The castings produced had excellent surface finish 
and were dimensionally accurate to a high degree. 
Machining was limited to surface finishing the top and 
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bottom of the die to provide parallel surfaces. Some 
minor machining was performed in the cavity at 
the extreme ends; otherwise the die was used as-cast. 
The dies were heat treated to Rc = 40. The upper 
half of the die set is illustrated in Fig. 20. 

More than 100 castings were forged with this die 
set at 400 F using a silicone oil die lubricant. As judged 
by the dimensions of successive forged castings, there 
was no apparent wear in the die set. 


SUMMARY 


It has been demonstrated that substantial increases 
in the yield and ultimate strengths of castings can 
be achieved by the application of relatively small 
deformations applied either cold or warm. The work 
thus far has been confined to two high-strength alu- 
minum casting alloys and one magnesium casting 
alloy. Strength improvements of the order of 25-70 
per cent have been realized for compressive deforma- 
tions of 10-30 per cent. By the use of low-cost cast dies 
these improvements should not incur a large increase 
in the cost of the casting. 

The improvements in strength cannot be gained 
without some expenditure of ductility. In the case of 
an aluminum alloy with a high reserve of ductility 
in the cast and heat-treated state, this expenditure 
should not detract from the engineering acceptance 
of the casting. In the case of the magnesium alloy 
which in its cast and heat-treated state has an intrin- 
sically low ductility, there was actually no accurately 
measurable loss in ductility. 

With the highly heat treatable Al 356 alloy, strength 
gains obtainable by press forging can also be devel- 
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oped by unconventional heat treatment. The deteri- 
oration in ductility is also the same. Obviously, in 
this instance, press forging would have value only 
where selective strength enhancement is desirable. In 
general, it would seem that press forging of cast- 
ings is most advantageously applicable to alloys which 
are either non-heat treatable or only moderately so. 

The pressures necessary to develop the requisite 
deformations are reasonably low particularly when 
forging is done at about 300-400 F. The choice of ele- 
vated temperature must lie below the peak aging tem- 
perature if such exists, or at least below the recrys- 
tallization temperature. The magnitude of the strength 
enhancement is independent of the temperature of 
forging below the peak aging temperature. There 
are geometric conditions governing feasible pressures 
of forging. Using height-to-diameter or height-to- 
width as measure of this, there are minimum limits 
below which flow pressures rise prohibitively. 

In summary, a potential process is available by 
which the cost and isotropy of mechanical property 
characteristics of castings can be combined with prop- 
erties approaching those of forgings. 
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THE CONTROLLED-SLAG HOT-BLAST CUPOLA 


By 


D. Fleming* 


In the period 1947-1949 the author engaged in 
a study of reactions in the cupola with a view to ar- 
riving at a truer conception of the cupola melting 
process and a stricter control of cupola melting metal- 
lurgy. Particular studies were made of carbon pick-up, 
the thermodynamics of sulphur removal, the factors 
influencing silicon and manganese loss and their inter- 
relation with combustion conditions. 

By 1950 this work had resulted in the issue of an 
internal company report defining the principles for a 
hot-blast, continuous tapping cupola with a water- 
cooled melting zone and tuyeres and a neutral well. 
It was proposed to produce gray iron for textile cast- 
ings from cast iron and steel scrap with ferro-alloy 
additions and without the use of pig iron. Heretofore, 
the necessary carbon pick-up and sulphur reduction 
were obtained by using mildly basic slags of controlled 
composition. 

Up to this time the author had been greatly assist- 
ed by the published data of other workers—H. Jung- 
bluth, H. Korchan, P. A. Heller, R. Vogel, F. D. 
Richardson, J. H. E. Jeffes, C. Heiken, R. Rocca, 
N. J. Grant, J. Chipman, E. $. Renshaw, and Bamford 
—together with “THe Hanpsoox or CupoLa OPERA- 
TION’ of the American Foundrymen’s Society. Later 
such workers as S. F. Carter, W. W. Levi, W. Gumz, 
W. T. Bourke, T. J. Wood, and J. P. Holt were to 
provide invaluable data. Use had been made of their 
work by the time that the theoretical considerations 
were presented to the Institute of British Foundrymen 
in 1953 in a paper entitled “Inter-relation of Combus- 
tion & Metallurgical Reactions in the Cupola”. 

This paper still forms a reasonable basis for the 
consideration of the principles of cupola reactions, 
and it is believed the general conclusions are valid. 
The author would like to point out however that 
whereas, in the case of silicon, for instance, he used 
pure oxide data to show that silicon reduction was 
theoretically possible, and probable under the correct 
cupola conditions, the serious worker in the field of 
slag/metal chemistry must of course allow for the 
activity coefficients of the reactants concerned, ie., 
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carbon in iron, silicon in slag etc., if valid working 
data is sought from a theoretical base. Much academ- 
ic work remains to be done however before the cu- 
pola can be said to be fully understood. Workers in 
this field are also recommended to study later data 
of H. Jungbluth and K. Stockhamp, A. De Sy, R. Doat, 
R. Balon, and L. Winandy. 

In concluding the above paper the author again 
defined the use of a cupola with a fully water-cooled 
melting zone and tuyeres to avoid slag contamination; 
with continuous syphon box tapping to ensure rea- 
sonable constancy of slag depth; and with a neutral 
well using a graphitic material, coupled with a blast 
temperature as high as the economic and practical 
factors of present recuperator design would allow, to 
give high reaction temperatures with reasonable coke 
consumption. The latter however were entirely sub- 
ordinate to the metallurgical performance of the plant. 

The economics were based on the metallurgical 
ability to use scrap and ferro-alloy charges, without 
pig iron, for the production of a refined gray iron 
at least equal to that produced by more orthodox 
methods. The pronounced differential between pig 
iron prices and those for cast iron and/or steel scrap 
plus ferro-alloys, gave all the incentive required in 
the United Kingdom. 

Between 1950 and 1953 however, on the practical 
side, a small pilot plant had been designed to obtain 
confirmatory data. This in turn had been abandoned 
as faith in the process had overtaken the need for it, 
and two full scale production plants were in an ad- 
vanced stage of design. The first of these was erected 
in the foundry of Dobson & Barlow Ltd., where the 
presence of existing orthodox plant would allow for 
a period of “teething troubles”. This plant had its 
first melt in March 1955. The sister plant was erected 
as the sole melting plant in a new foundry of Platt 
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Bros. (Barton) Ltd., and went into production in 
June 1955. It is with the design factors arising out 
of the experiences gained in the process of putting 
theory into practice that the author is mainly con- 
cerned in this paper. 


THE HOT BLAST SYSTEM 


Metallurgically, one is only concerned with the pro- 
vision of an accurately controlled quantity of blast 
at the required temperature and pressure, which can 
be supplied via an independent heater or a recuper- 
ative system with, at first sight, no regard for any- 
thing other than the direct economics of first cost, 
and the relative running costs of each. There are 
some other factors which may influence this choice 
when the proposed plant is to. run with very high 
reaction temperatures and medium or high coke 
percentages. 

The top gas from such a plant will be rich in CO, 
say 20 per cent or so. A large volume of such a com- 
bustible gas at the charging opening of a cupola 
presents a problem in itself. If it is allowed to burn 
at the cupola the problem of heat dissipation, and 
grit and dust control, without extensive, and there- 
fore expensive, precautions, becomes almost prohibi- 
tive. If it is first drawn from the cupola and cleaned, 
unless once again it is burnt, it constitutes a possible 
poison hazard. ‘Thus a system which draws off this 
gas, removes the bulk of the solids from it, and burns 
it before discharge, while simultaneously supplying 
the heat for blast heating, has something to recom- 
mend it when clean air conditions are also to be 
considered. 

In addition to such considerations the cost of fuels 
such as gas or oil, in the United Kingdom, are such 
that a considerable running cost can accrue with 
separate heaters. So the decision to use a recuperative 
system was made. 

Continued study of the various systems in use on 
the continent of Europe, where a considerable volume 
of operating experience had been accumulated, showed 
that, with the advent of percussion air lance cleaning 
methods, the major problem of recuperative plants, 
i.e., dust removal, had been reduced to quite manage- 
able terms with cast tube recuperators in which the 
air flow was through the tubes and the gas flow out- 
side the latter. This innovation removed a previous 
leaning to steel tube recuperators with gas flow 
through the tubes and flue brush cleaning. 

This position was further influenced by the fact 
that if the shot cleaning system being tried experi- 
mentally on cast element recuperators was as success- 
ful as it had previously been in boiler practice, then 
a decided advantage would rest with this type of 
recuperator with the dirty gas on the outside of the 
exchanger elements. This prediction has now been 
realized, and continuous cleaning during operation is 
now possible with this type of recuperator. A four- 
bank cast element recuperator was therefore chosen, 
with provision for the later addition of shot cleaning. 

In the most perfect recuperative hot-blast systems 
in use with cupolas it has not proved possible to re- 
move the very finest dust particles prior to the re- 
cuperator without losing the sensible heat of the top 
gas. Where this total cleaning must be done to comply 
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with very strict clean-air regulations, it is the author's 
opinion that is should be performed by washing of 
the final cooler and inert exhaust gas. Meanwhile the 
very presence of this fine dust imposes a further con- 
dition on the design of recuperative plants. 

The cleaning system should, desirably, only be 
asked to remove this dust as such, and that the peak 
temperatures, at the hot gas inlet of the recuperator, 
should not be allowed to exceed a temperature some- 
what below the “fritting point” of this dust, except 
in the case of certain specially designed “superheater” 
units, used in cascade with normal recuperators, when 
blast temperatures of 600-800 C (1112-1472 F) are 
required. 

The blast temperature specified for the plants un- 
der consideration was 500 C (932 F) at the wind 
belt so that a superheater was not fitted. It was ac- 
cepted that this limitation to recuperator inlet tem- 
perature was a factor of great importance for trouble- 
free operation, as also was steady, well controlled, 
blast temperature for the maintenance of uniform 
metallurgical conditions. For any given blast temper- 
ature and volume a quantity of heat is required from 
the top gas. This factor can be controlled by the 
manipulation of a damper in the outlet from the 
exhaust fan which draws gas from the cupola via 
the gas offtakes, the gas damper and dust arrester, 
the combustion chamber where combustion air is 
added, and then through the recuperator. 

Such a simple system alone however does not pre- 
vent the products of combustion exceeding the frit- 
ting temperature of the dust, and perhaps even the 
safe temperature for the first bank of recuperator 
tubes. Some systems use additions of excess air to 
control this condition when necessary, but, if com- 
bustion was not initially complete there is some 
danger that the first effect will be to complete com- 
bustion, and thus lift the temperature. Careful opera- 
tion, to insure that excess air is always present, gives 
a prior complication. 


RECUPERATOR INSTALLATION 


The author much prefers the system in which al- 
ready burnt gas, which has been cooled by passage 
through the recuperator, is recycled from the outlet 
side of the exhaust fan to the hot burnt gas main 
from the combustion chamber to the recuperator. A 
system of multiple inlets, and adequate length main, 
is allowed to insure uniform mixing, and hence free- 
dom from local hot spots, prior to the actual point 
of entry to the recuperator. This system has the ad- 
vantage of simplicity, being easily controlled by a 
damper in the recycling main or loop. As cooled, but 
by no means cold, inert gas is recycled, no combustion 
problems arise, and the effect is smooth in operation. 
The short circuiting effect of the loop also simultane- 
ously lowers the top gas demand rate at the combus- 
tion chamber by lowering the effective exhaust fan 
suction, and thus producing a completely coordinated 
effect. 

This system was therefore chosen. Further details 
of this type of plant may be obtained by reference 
to the work of E. Loebbecke. The blast temperature/ 
recuperator inlet temperature control system was com- 
pleted, in the case of the plants concerned, by using 
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a thermocouple to measure the blast temperature 
from the recuperator, and also one to measure the 
recuperator inlet temperature. Each of these outputs 
is taken to its own amplifier. The output of the latter 
is used to stabilize the heat input to the recuperator 
via a hydraulic controller which operates on the by- 
pass valve, subsequently altering the main exhaust 
damper through a second hydraulic controller should 
the range of the first control prove insufficient. 

The output from the blast temperature amplifier 
is also recorded and passed to a three-term hot-blast 
temperature controller. This latter controller is in cas- 
cade with the recuperator inlet temperature controller. 
The desired value of recuperator inlet temperature 
is adjusted automatically to maintain a constant hot 
blast temperature. 

Provision is made in the automatic control equip- 
ment to limit the maximum recuperator inlet temper- 
ature. Setting dials are housed in a lockable glass- 
fronted case on the main control panel which allow 
this maximum to be “pre-set” and also the desired 
hot-blast temperature. Visible alarms show if either 
of these temperatures are incorrect. A klaxon alarm 
operates should the recuperator inlet temperature rise 
above the chosen limit. Warning lights also operate 
should there be a failure of either hot-blast tempera- 
ture or recuperator inlet temperature thermocouple. 
To complete the top gas control system a surplus gas 
ejector is used, using air from a separate fan via a 
controlled damper to vary the suction effect at the 
ejector cones. Thus, when the top gas demand to 
the combustion chamber falls, it will be indicated by 
a less negative combustion chamber pressure. 

A pressure element linked to the latter increases 
the air supply to the ejector, via a further hydraulic 
controller, so that the gas is still drawn from the cu- 
pola via the top gas main. After passing through the 
normal dust catchers, gas is removed prior to the 
combustion chamber, via a further dust trap and the 
ejector. This serves to prevent dust emission from the 
cupola at all times other than “blowdown”, and to 
maintain steadier combustion chamber pressures. If at 
a later date it should be decided to use this surplus 
gas for other heating purposes a tap-off point exists 
and the controller will then simply be switched to 
control a suction damper at the exhaust end of such 
a system instead of the suction of the present ejector. 

It is not desired to labor the auxiliary detail of the 
plants. The Dobson & Barlow plant has been well 
described by Henderson, who was for some time 
foundry manager at this plant, and to whose metal- 
lurgical staff the present author handed it over for 
production operation, after its installation and teething 
troubles had been overcome, prior to the start of the 
second plant at the Barton factory of Platt Bros., 
where research was continued for a further period. 

Some of the author’s works photographs and data 
have also been published by E. Loebbecke in a paper 
presented to the AFS. It must be recorded however 
that the plants were, as pilot production plants, 
equipped with an all-embracing system of instrumen- 
tation. Everything that could be done to insure regu- 
larity outside the cupola proper was, as far as possible, 
built in to the system. All salient data such as charge 
weights, blast volume, blast pressure, metal tempera- 
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ture, the hot-blast equipment temperatures, etc., were 
dealt with by recorders. 


THE CUPOLA PROPER 


It still remains a simple truth however that, no 
matter how much is done outside the cupola proper 
to serve it with accurate charges, with a precise quan- 
tity of air at a given temperature, with a known 
safeguarded supply of cooling water, etc., the question 
as to whether the correct, or anticipated, results are 
obtained rests still, not only with the know-how of 
the operator but, in a large measure, on the design 
of the cupola itself, especially with that portion be- 
tween the base plate, or well bottom, and the upper 
limit of the reaction zone. All else is done to serve 
this few feet of cupola. Here lies the heart of the 
whole process of cupola melting. 

The author therefore proposes to deal in some de- 
tail with the original design of this area, the initial 
results achieved, the reasoning applied, the changes 
made, the consequences of these changes and the 
lessons for the future he believes they hold for this 
type of plant. 

Figure 1 shows the section of the cupola proper 
as originally installed. The upper portion of the shaft 
(a) was orthodox and lined with normal acid brick 
work to a point 15 ft 11 in. above the cooled shell. 
The further remaining 3 ft to the charging sill was 
lined with iron brick. Three stack gas offtake open- 








Fig. 1—Section of the cupola proper as originally installed. 


ings were disposed around the upper shaft. The lower 
edge of their steeply rising throats were 7 ft 10 in. 
above the top of the cooled shell. Their vertical ex- 
tent, some 3 ft 6 in., gave a column of stock some 
7 ft 7 in. above the offtake tops with the cupola 
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charged to sill level. This gave adequate back pres- 
sure, and hence no danger of air intake during normal 
charge level fluctuations. 

The well was lined with normal acid firebrick (b) 
for some 6 in. from the shell. Where openings were 
required for tap-holes, “back door”, etc., this acid ma- 
terial was kept well clear of the actual finished open- 
ing size. The well lining proper (c) was rammed-up 
with an acid ganister (graded silica and fireclay) 
into which had been milled some 25 per cent plum- 
bago. This produced a refractory which was neutral 
to slags with a basicity range up to 1.5 CaO/SiOz. The 
usefulness of this material being much enhanced by 
high ramming density, an air hammer was used during 
the placement wherever possible. 


TEST RUNS 


The tap hole, front slagging box, and other openings, 
were all formed in this material. From a point just 
below tuyere center line, the cooled shell proper (e) 
was formed from 7/8-in. steelplate with 1/2 x 1/2-in. 
diameter steel studs covering the inner surface at 
some 2-in. centers, shell was lined with a 2-3 in. layer 
of acid ganister (d). Six copper water-cooled tuyeres 
(g) were fitted, each with an internal diameter of 
7-1/4 in. giving a tuyere ratio of 5-1/3:1. 

It was believed that with an established internal 
condition in the cupola, i.e., with no lining loss to 
interfere, it would prove possible to calculate equili- 
brium slag sufficiently close for practical purposes. 
The total silica content was derived from: 

1) the coke ash, 

2) silicon loss from melt, 

3) sand carried in with the charges, 

4) any silica in fluxes added. 

The total lime content was derived from: 
1) the fluxes added, 

2) traces in coke ash. 

Thus, if a fairly accurate estimate could be made 
of the silicon loss and of the silica carried in along 
_ with the charges, a slag could be calculated which 

should be basic with a CaO/SiOz2 ratio of 1.2/1.0 
in the absence of lining interference. Now if the 
fluxes calculated for this condition were charged 
throughout a run, in the presence of a lining as 
described above, the initial slags would be acid due 
to interference from the excess acid ganister used on 
the steel shell. When, however, an equilibrium layer 
on the shell was established no interference would 
exist, and the slag reaching the well would be as 
calculated, i.e., 1.2/1.0 basic. The average slag in the 
well would therefore commence acid, approach and 
pass neutrality, and finish basic if the run were of 
long enough duration. 

The general intention on the first run was to use 
a pig iron containing charge of nearly normal type, 
making an allowance for a somewhat higher carbon 
pick-up which was expected due to the effect of the 
higher blast temperature, coupled with a coke ratio of 
1:8. It was hoped that silicon correction could be 
made in the ladles should silicon loss become exces- 
sive later in the run and steps be needed to restore 
the carbon equivaient value which, perhaps fortunate- 
ly, was required to be 4.8-4.4. 

Preheating of the bed and well was to be most 
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carefully done, and the bed height set a few inches 
lower than for standard cold-blast practice. Normal 
limestone additions were made to the bed prior to 
charging. 

The blast was to be put on at an initial temperature 
of at least 300 C (572 F), using the combustion 
chamber oil burners to insure this. Blast temperature 
was then to be run up on top-gas heating, but not 
necessarily fully up to 500 C (932 F) on this first 
occasion. Metal analysis was to be done on close 
interval samples, the results being transmitted immedi- 
ately back to the plant, where they were to be logged 
on a large blackboard. 

A rear emergency slag-hole was to be left open, 
to indicate metal level, prior to tapping through the 
preheated slagging system, thus ensuring that a pre- 
mature tap would not be attempted. 

In fact, when the moment came to make this first 
tap, troubles of quite an unexpected order arose. The 
tap hole froze; oxygen lancing had to be used; and 
a start was only made with difficulty. Metal tempera- 
tures were lower than expected and the run was 
terminated after some 2-1/2 hr, having run as an 
acid run throughout. 

It was discovered on investigation that a normal 
cold-blast bed height had in fact been used. It was 
thought that this factor, coupled with lowered blast 
temperature accounted for the poor start, and that 
it would also be desirable to lift the charge coke from 
a 1:8 to a 1:7 ratio. Further, as the lining had been 
largely preformed, the carbon content of the charges 
for the second run was lowered by substituting 5 per 
cent steel scrap in place of 5 per cent pig iron to 
allow for the effect of the extra fuel and probable 
basic conditions. Unfortunately, on the second run 
also a lance was needed to open up the tap hole. 
Though somewhat improved, metal temperatures were 
variable, and difficulty arose in consistently pouring 
at the desired temperatures. 

To counter this rather dismal picture however, the 
story told by the metal analysis, observation of slag 
samples, etc., was gratifying. The furnace had quickly 
turned over to mildly basic running, with a falling 
average sulphur, and a lower silicon content in the 
metal. In view of these results being obtained early 
in the run it was decided to (a) increase the charge 
silicon content and (b) decrease the limestone addi- 
tion. The further results were, a jump in silicon. con- 
tent followed by a tendency for a further rise, as the 
furnace returned to acid running again, coupled with 
a rising tendency in the sulphur figures. The results 
obtained in this original run are shown graphically 
in Fig. 2. Obviously the task now was to establish 
true control of the new process. Once again this meant 
that control of metal temperature was imperative. 


FURTHER RESULTS 

Following runs in this early period showed that, 
although bed height changes indicated an optimum 
height, even when this level was used, the results 
were below expectation. Trials were then made using 
different blast temperatures at the initial blast-on stage. 
These were supplemented by using different thick- 
nesses of cold coke between the preheated bed level 
and the first charge so as to prevent premature slow 
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melting. Thus, the first tap position was rescued from 

the previous initial certainty of a hard tap, but a 

perplexing condition remained in the subsequent tem- 

perature behavior: 

a) The temperature could apparently run at one of 
two levels, remaining in the upper or lower, either 
for long or short periods at a time, in an appar- 
ently random manner. 

b) Recovery after shut-down periods was very often 
slow and showed a distinctive temperature arrest, 
even when eventually the rise continued to the 
higher level. 

Furthermore the extended experience being gained 
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Fig. 2—Change in metal analysis brought about by charging 
more silicon and less limestone. 


showed that while at lower temperatures silicon loss- 
es followed the trend of both metal temperature and 
slag basicity, at sufficiently high temperatures the 
temperature effect could be made to predominate. 
Figure 3 shows a record where the slag was being 
made slowly more basic during the morning period 
with higher volumes of slag, followed by an afternoon 
period with a low volume of slag of a nominally 
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Fig. 3—Trend toward more basic slag during one day’s cupola 
run. Silicon in metal increases. 


constant basicity. This record illustrates several of the 

points to which reference has been made. 

1) During the morning period average silicon level 
fell as the slag went more basic. 

2) Deviations in the silicon level were also linked 
with deviations in temperature, whether by direct 
effect or from some common cause. 
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8) The afternoon furnace behavior was quite differ- 
ent, a completely different temperature level being 
achieved, not explicable purely on the basis of a 
lower slagging rate. 

4) Under these conditions lower silicon loss, i.e., a 
lower silica quantity in the low slag volume, ac- 
tually results in an increased basicity, while the 
general silicon level is climbing, in line with an 
increasing temperature. 

This record, like many other observations made, 
showed that, at any chosen operating level of basicity, 
it was most important: 

a) to keep the metal temperature high to minimize 
silicon loss for both metallurgical and economic 
reasons, 

b) to keep this temperature as steady as possible to 
insure steady silicon figures, 

c) that the quantity of slag kept in the well should 
be adequate to prevent rapid basicity changes fol- 
lowing metal silicon losses. 


THE QUEST FOR TEMPERATURE CONTROL 


Temperature control became the foremost interest 
therefore from every point of view. A rough heat 
balance showed that over 3 x 10° Btu per hr were 
being lost into the cooling water. But of course a 
considerable loss was an expected part of the process. 
Further high metal temperatures were sometimes 
achieved, and sometimes not. Linings were reformed, 
by the original process, to try and establish a thicker 
stable layer of insulation. Such a result was not ob- 
tained, but data on lining contours proved to be in- 
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Fig. 4—Contour of cupola refractory lining does not remain 
uniform during melting. 


formative. Such a contour is shown in Fig. 4 with the 
horizontal scale purposely much exaggerated. 

A study of this contour shows that in the zone A, 
ie., at a level crossing the tuyere entry and below, 
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an adequate lining remains. Immediately above how- 
ever, the lining is a very thin shell of slag only, in 
zone B. Whereas above this again, in zone C, a gradu- 
al increase in lining thickness occurs to near the top 
of the the cooled shell, when the diameter reverts to 
the brick lining diameter in zone D. The first theory 
was developed from this contour on the following 
lines: 

1) It was noted that if the slopes “a-c” were contin- 
ued to point “a”, this lay outside the shell. 

2) It was concluded that if the field of combustion 
could be pushed further away from the shell, so 
that point “a” lay within the shell, an adequate 
lining would remain and the cooling losses would 
fall. 

8) Therefore the cooling losses were higher the near- 
er melting was to the shell. 

From this line of reasoning it was a short step to 
a possible explanation of the events occuring. Surely 
temperature was high when the main melting was 
occuring towards the center of the cupola, and low 
when the melting was too near the perimeter. This 
condition was a random function of the particular 
burden density distribution obtaining at a given peri- 
od. If too great a proportion of the melting was 
occuring near the shell perimeter, this also explained 
the poor recovery after a shutdown, as the cooling 
would be affecting the main melting and superheat- 
ing zones during such a period. Obviously, with a 
fully cooled cupola, the cupola must be forced to be 
“center going” at all times. 

Reverting to Fig. 4, it was felt that a considerable 
improvement would be made if the tuyere projection 
was increased. It was hoped the contour of the lower 
face of zone C would change progressively with in- 
creasing tuyere projection from “a!-b’” to “a?-b”” thus 
eliminating major cooling losses via the shell. To 
increase the tuyere projection alone however would 
result in a much reduced area between the tuyeres. 
It was felt that this might call for too high a coke 
burning rate, and adversely affect the melting rate 
obtainable. Thus, a sim=ltaneous increase in shell 
‘ diameter at tuyere level seemed necessary. This also 
seemed desirable in that it appeared that, as the 
furnace was naturally developing a contour with the 
slope “a-b”, the shell should be given a similar slope 
in a position “x?-y,” instead of the existing vertical 
“xhyl” 

A new design for cooled shells had thus been de- 
veloped, with a conical shape, and deeply projecting 
tuyeres, (Fig. 5). A limitation obviously had to be 
put on the degree of projection however, to avoid very 
serious increases in tuyere cooling losses. It was of 
course immediately noted that E. S. Renshaw had, 
in 1944, advised a similar construction for even re- 
fractory-lined cupolas, to reduce lining erosion, and, 
had later added cooling panels. Therefore a feeling 
of satisfaction existed with regard to this design, 
coupled with high hopes of eventual success, and a 
renewed admiration for the work of E. S. Renshaw. 

However such an approach to the problem required 
a considerable delay for new construction work, and 
meanwhile the problem was urgent. A second ap- 
proach which could be immediately tried was there- 
fore also proposed. This was to attempt to move the 
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Fig. 5—New cupola design used conical shell and projecting 
tuyeres. 


combustion to the cupola center, not by ducting the 
air there with extended tuyeres, but by giving it a high 
initial velocity at the tuyere nose. 

A graph was drawn showing the velocity variation 
per tuyere against total indicated volume for the 
7-1/4-in. tuyeres, as fitted, and for sleeves of 6.5, 4.375, 
4.0 and 3.0-in. diameter. Allowing for correction to 
true blown volume, and expressing the velocity as if 
the air was at standard temperature and pressure 
through the tuyeres, to obtain a standard weight 
velocity ratio, it was found that, at the usual rates of 
blowing at that date, the velocity was of the order of 
25 ft per sec (approximately 8 meters per sec) using 
the standard 7-1/4 in. tuyeres. 

It was then decided to fit 5-in. sleeves and lift the 
velocity to 50 ft per sec, using a slightly lower blast 
volume. A new lining was run in in this manner. 
On reaching stable running, general metal tempera- 
ture was lifted some 30-50 C (54-90 F), even though 
no great change in the total heat in the water was 
then noticed. A check on the lining contour however 
indicated a change from the original slope “a-b” of 
Fig. 4 to a sharper slope as shown by the dotted line 
“a-d.” This indicated that a shortened combustion zone 
had also been achieved. This conclusion was further 
emphasised by the fact that the temperature of the 
top gas leaving the cupola had also fallen from 450- 
600 C (842-1112 F) to a level of 400-530 C (530- 
986 F). 

These results were most encouraging and further 
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work was done using smaller sleeves and higher velcci- 
ties through the tuyeres. Each successive increase in 
velocity was, of course, accompanied by an increase 
in wind belt pressure for equal volumes of air. As the 
successive increases eventually gave little further ad- 
vantage it was decided that for this particular furnace 
3-in. sleeves suited the lower melting speeds and 4- 
in. sleeves the upper range, i.e., a tuyere velocity of 
some 85-115 ft per sec, (approximate mean of 30 
meters per sec), based on the true theoretical air 
requirement at S.T.P. 

Figures for a run at the lower end of this range 
(85 ft per sec) show the still further increase in metal 
temperature obtained, i.e., a rise into the 1540-1580 C 
range (2800-2875 F) and the further lowering of the 
top gas temperature to the 250-300 C range (480- 
570 F), see Fig. 6. This behavior being accompanied 
by a still further change of slope in the lining contour 
to “a-e,” showed that the combustion and reaction zone 
had been still further shortened. 

This work removed the difficulties previously ex- 
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Fig. 6—Effect of blast velocity on metal temperature and 
off-take gas temperature. 


perienced by lifting the metal temperature to a metal- 
lurgically satisfactory level; where silicon loss was only 
of the order of 10 per cent with slag of some 1.25 
CaO: SiOz ratio; where adequate casting tempera- 
tures could be consistently maintained; and where 
temperature recovery was rapid after shutoff periods; 
and cold taps were a matter of history. This plant has 
been run on these principles during the succeeding 
years. During this time, when using 16 per cent coke 
instead of the standard 14.4 per cent which is nor- 
mally used, as in the experiments above, temperatures 
up to 1600 C (2922 F) have been recorded at the 
tapping box, by immersion thermocouple. 

The theory of the conical shell was not neglected 
however. Such a shell was made and fitted to the 
second plant (Fig. 5). Again ranges of tuyere veloci- 
ties up to some 100 ft per sec were used, with the 
conclusion that such velocities are desirable, and simi- 
larly advantageous on this type of furnace, and for the 
size of furnace used. With the knowledge of the 
important role played by tuyere velocity, no troubles 
were experienced with this plant, which has given 
excellent temperature and metallurgical behavior since 
start-up. 
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This type of design moreover has certain advantages: 

1) The provision of an adequate water curtain on 
the shell surface is much simplified. 

2) Total blast pressure per unit volume of blast is 
reduced, easing blower and recuperator conditions. 

8) The total heat loss is somewhat reduced. 

4) The furnace appears to be smooth in operation 
and responds well to calculated changes in condi- 
tions. 


REVISED THEORY 


The heat loss to the cooling water in such a furnace 
remained quite high however. Even under optimum 
conditions it was, for our rating of furnace, not re- 
duced below some 66 per cent of the original losses, 
in respect of the loss via the shell. Further, even 
with tuyere projection, increased and higher tuyere 
air velocity, the slag coating on the inside of the 
shell over the remaining shortened combustion zone 
was extremely thin. 

A review of the situation was therefore made lead- 
ing to a number of conclusions on the behavior of 
slag-lined cupolas: 

I. If a reversion is made to the original contour dia- 
gram of Fig. 4 and, based on the thickness of scale, 
steel, and internal refractory, a graph is drawn show- 
ing the rate of heat transmission per degree F tem- 
perature differential, then a curve of the type shown 
in Fig. 7 results. From this it can be seen that, with 
equal temperature differential, practically the whole 
of the heat loss occurs through the small band of 
very thin refractory at the combustion zone of the 
cupola. 

II. It is now regarded as fundamental that, if the 
slag present in the cupola to form a lining face is of 
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Fig. 7—Practically all the heat loss occurs where lining is 
thin at the combustion zone. 


constant composition over the depth of the cooled 
zone, then the inner face temperature of the slag 
lining must in fact be constant over the depth of the 
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cooler. It would in fact correspond to the flow tem- 
perature of such slag as (a) were the refractory face 
below this temperature, further slag would freeze on 
to this inner face, or (b) were the refractory face 
above this temperature refractory would be slagged 
or melted off until such a balance was obtained. 

III. Only changes in composition of the slags pres- 
ent over the depth of the cooler can therefore alter 
the inner face temperatures. 

IV. Only that slag on the inner face at the combus- 
tion zone has a predominant effect. This is the zone 
where maximum iron oxide is likely to be present 
with its violent depressing effect on slag melting tem- 
peratures. So the only factor of serious importance is 
the removal of this face as far as possible from high 
metallic oxide concentrations. 

V. Under constant internal furnace conditions, and 
thus with a slag of a definite composition, and hence 
constant melting point, present at the inner face of 
the refractory of the combustion zone, a constant 
differential temperature will exist between this inner 
face and the water. Thus the loss per square inch of 
surface here will remain constant. 

VI. Attempts to alter this rate by altering the tem- 
perature of the outside cooling medium will fail as 
any procedure which lowers the heat transfer rate 
will raise the inner face temperature, for a constant 
rate of heat arrival internally, with the constant inter- 
nal furnace conditions specified. Thus the slag layer 
inner face will exceed its own melting or flow point, 
and will simply reduce in thickness until the rate of 
heat transfer is restored, and the inner face is again 
stable at the slag flow temperature. 

VII. If two furnaces of different diameter are now 
considered, but in each case the fuel is sized to a 
constant ratio of that diameter, e.g., 8 per cent, then 
it can be expected that the combustion and reduction 
zones will be deeper in the larger furnace or in the 
smaller furnace if the larger fuel was used, as to ob- 
tain similar surface area the number of pieces trav- 
ersed will stay approximately constant. If however 
' the rate of heat production is kept constant per square 
inch of melting zone area, then, if the depth of zone 
in which this heat is developed is doubled, the rate 
of heat production per unit of depth will be halved. 

Thus for a deeper combustion zone, and hence deep- 
er zone of affected shell, the heat quantity arriving 
per unit width over the total affected length, will re- 
main constant for a constant heat production per 
square inch of hearth. The full picture of the heat 
transfer would require a detailed analysis of the differ- 
ing temperature gradients caused, and of the new 
fractions of heat transmitted by radiation, conduction, 
and convection. It is believed that the practical re- 
sult is that the total heat lost to the cooling water 
per unit width of shell, also, like the heat quantity 
arriving at the inner face, remains constant for fur- 
naces running at equal rates per square inch of cross 
section. Therefore the heat loss varies with the circum- 
ference of the shell. 

VIII. For furnaces running at different rates of heat 
production per square inch of cross section, the rate 
of heat arrival per unit width of shell in the combus- 
tion-reduction zone will vary. It is postulated that, 
once again, the slag layer alters in thickness so as to 
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always have a constant inner face temperature. So 

higher driving rates give higher losses per unit width 

of furnace circumference, and similarly lower driving 
rates give lower losses per unit width. 

IX. To remove the slag on the cooler face from the 
effects of iron oxide in the critical combustion zone sec- 
tion it is desirable to: 

a) slope this face away as in the conical shell to 
lower the physical probability of impingement by 
oxide-rich slag formed in this zone. 

b) insure, if possible, that the path of air travelling 
from the tuyere noses towards the shell is sufficient- 
ly long to remove free oxygen prior to its arrival 
at the shell. Use tuyeres projecting in from the 
shell. A distance of some 2-1/4 coke diameters is 
felt necessary with blast at 500 C (932 F), though 
it is feared that wall effect will always allow the 
transit of some free oxygen to the shell in this 
region no matter what steps are taken. 
shorten the free oxygen zones as much as possible. 
By all means promote metal temperature with: 
1) high blast temperature. 

2) high blast velocity and turbulence. 

3) correct coke sizing to prevent poor penetration. 
4) correct charging practice to give good blast 

penetration. 

charge to give center-placed metal, coupled with 
good penetration from inserted tuyeres and high 
blast velocities. Also combine to give a higher 
rate of combustion away from the shell. This re- 
sults in a faster rate of fuel descent towards the 
center, and hence a higher rate of burden descent 
towards the center. This, coupled with the conical 
shape, promotes a metal-free coke ring adjacent 
to the shell in the combustion zone, so that oxide 
formed by metal falling through the latter zone 
is created away from the lining. 

X. Some perplexity has arisen in the definition of 
size in relation to melting rate in the case of conical 

shell slag-lined cupolas. However in the light of the 
comments above, if for standard conditions: 

1) it is considered that the optimum coke size is al- 
ways 8 per cent of the cupola diameter, 

2) that a tuyere projection of 2-1/4 coke diameters 
is required with 500 C (932 F) standard blast 
temperature, 

3) that the half diameter of the pieces of coke near- 
est to the shell take no part in the active melting 
zone, then certain fixed relationships will always 

exist: 

a) The tuyere projection for each tuyere will al- 

ways be 18 per cent of the shell diameter. 

b) The active melting zone will always be 8 per 

cent less in diameter than the shell diameter 
above the tuyere top face level. Thus the active 
melting zone will always be 84.64 per cent in 
area of the area measured above tuyere top 
face (maximum diameter inside lining). 

Thus it becomes of only academic interest with 
such a fixed design relationship, whether the melting 
rate is defined in relationship to the diameter at the 
top tuyere face level, i.e., maximum shell diameter, 
or to the 84.64 per cent active area, or even to the 
area between tuyeres, as these will always be in a 
fixed ratio. For simplicity therefore we have used 
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the maximum area in the zone of maximum shell 
diameter above the tuyere top face level. Under these 
conditions, the standard design figure for the determi- 
nation of the normal maximum melting rate, using 
normal coke fuel of some 88-90 per cent fixed carbon, 
in ratios of 14-16 per cent, which are again considered 
normal with 500 C blast temperatures in such cupolas, 
is considered to be 11-12 Ib of iron per sq in. per hr, 
(7.6-8.3 long tons per sq meter), which would be ap- 
proximately 13-14.2 lb per sq in. per hr (9-10 tons per 
sq meter) if calculated on the basis of the 84.64 per 
cent active melting zone. 

At a melting rate of some 11 lb per sq in. per hr, 
the heat loss to the cooling water via the shell will 
vary from some 20,000 Btu per in. of shell circumfer- 
ence, down to some 13,600 Btu per in., according to 
the excellence of the design. The latter lower figures 
are achievable with the conical shell design described 
above, coupled with optimum tuyere velocity and coke 
ratio. 

As described above, the shell heat loss per inch 
varies with the rate at which the furnace is operated. 
Figure 8 shows the way in which this heat loss chang- 
es. Lower and upper limits are used. The lower indi- 
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Fig. 8—Influence of melting rate on heat loss. 


cate results believed obtainable with optimum condi- 
tions. Upper limit should be clearly covered when 
ascertaining the capacity of cooling pumps, pipework, 
etc. 

The subject of heat losses via tuyere cooling is not 
yet so well defined. Figure 9 shows the upper limit 
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Fig. 9--Tuyere cooling also accounts for lost heat. 


121 


of a band showing loss variation versus melting rate 
per square inch for a 48-in. cupola equipped with 6 
projecting tuyeres. Again, for similar designs, it is 
felt that increasing these losses in ratio to the furnace 
diameter will give a design guide. Obviously there 
is more scope for change due to good or poor design, 
and no lower limit has been set. Certain factors are 
again obviously desirable, such as keeping the outside 
or exposed surface area of the tuyere at the absolute 
minimum compatible with safe cooling. This is obvi- 
ously assisted by the use of high tuyere velocities, 
as thus the tuyeres will have smaller external diam- 
eters. 

A further factor can also be exploited. That is the 
covering of a fair proportion of the rear under portion 
of the tuyere by using an internal well diameter 
some 25 per cent less in diameter than the maxi- 
mum or top of tuyere diameter of the shell. The tuyere 
then projects through refractory over a portion of 
its surface area. 

With the suggested mechanism of lining formation it 
also becomes apparent that the thickening of the 
lining towards the top of the cooler, as shown in 
Fig. 4, is a fundamental factor not altered by the 
sloping of the shell. Thus the internal slope will al- 
ways be more acute than the slope of the shell steel- 
work. Allowance for this lining thickness should there- 
fore be made in the cooler shell design, as scaffolding 
or hanging may occur if a ridge of lining protrudes 
beyond the upper shaft diameter. 


SIZE LIMITATION 


As the cooling losses on this type of furnace are 
proportional to diameter, whereas useful heat produc- 
tion is proportional to the square of the diameter, 
there is a practical limit to the reduction of cupola size. 

Many methods have been used to determine the use- 
ful heat available from given fuels. The method used 
by the author for calculations on these furnaces allows 
that: 

1) in view of the need for metal temperatures of 1500 
C minimum, (2782 F), the reaction zone temper- 
atures will be high, and the main coke combustion 
will only proceed to some 9 per cent carbon di- 
oxide. 

2) some 2 per cent of the charged coke will be lost 
as fly ash and be ejected unburnt. 

3) further carbon and heat will be lost in the endo- 
thermic reaction of blast moisture to form hydrogen 
and carbon monoxide. 

4) heat will also be lost in the net process of calcining 
limestone for the formation of a slag with the coke 
ash, and melting and superheating such slag. 

5) sensible heat will be lost in the combined effluent 
from the main combustion, the water gas reaction, 
and the limestone decomposition. 

6) heat will be introduced by the blast. 

If a coke of some 88 per cent fixed carbon, 1 per cent 
volatile matter and 11 per cent ash, half of which 
is SiOz, is used, and after allowance for lost CaO, 
a slag is formed of 1.25/1.0 CaO/SiOz ratio using 
limestone of 95 per cent CaCOs and 5 per cent SiOz 
and spar of 85.7 per cent CaF and 14.3 per cent SiOz 
with a blast temperature of 500 C (9382 F), and an 
effluent temperature of 560 F, it can be shown that at 
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a coke burning rate of 1.54 lb per sq in. per hr (mean 
value for 40-in. furnace melting 11 lb per sq in. at 14 
per cent coke), the useful heat production is some 

10,000 Btu per hr per sq in. of combustion zone area. 

This useful heat has to perform the following func- 
tions: , 

1) satisfy direct cooling losses from shell and tuyeres, 

2) satisfy other radiation and unknown losses, 

3) melt and superheat the iron with allowance for: 
(a) the whole process of limestone decomposition, 
slag formation, melting and superheating, to give 
a correct slag from silicon lost from the metal and 
dirt carried in with the metal, and heat in the 
COz effluent; { b ) for heat gain from the oxidation 
of silicon, etc. 

Now if items (1) and (2) are again deducted from 
the useful heat available, as calculated above for fur- 
naces of different diameters, then the corrected useful 
heat is that which is truly available for item (3) 
above, the heat for metal processing. Using this meth- 
od graphically it can be shown that: 

A) If the theory of cooling losses expressed above is 
valid, then using the higher level of losses, it be- 
comes theoretically impossible to operate such a 
cupola below some 20 in. diameter to give adequate 
metal temperature, even with vastly increased coke 
percentages. 

B) To avoid radical deviation from the design criterion 
laid down, and to give a metal flow which can 
be handled through a continuous tapping system, 
the practical minimum size of furnace which should 
ever be considered is one of 33-in. diameter at 
the combustion zone, with a nominal maximum 
rating of 4 long tons per hr (approx). Efficiency 
and ease of operation will progressively increase as 
size increases above this minimum, until the diffi- 
culty of insuring sufficient blast penetration inter- 
venes at some as yet unknown maximum. 


INFERIOR FUELS 


Using the same method of calculation in respect of 
an inferior coke of Indian origin showed that for use 
with a similar basic slag, derived from similar slagging 
materials, the weight for weight efficiency of the 
Indian fuel would only be 67.11 per cent of the 
United Kingdom fuel cited above, with blast at 500 
C (982 F). However, if the ratio of coke was in- 
creased to keep the carbon burning rate constant, 
rather than the coke rate, then the useful heat pro- 
duction would be 90.8 per cent. It was considered 
however that peak combustion temperatures would 
still be adversely affected. The screening effect of the 
high ash causes a deepening of the combustion zone, 
the resulting loss of thermometric efficiency being 
accompanied by higher oxidation tendencies. 

If a higher blast temperature were used, both these 
tendencies could be offset. An increase of blast tem- 
perature from 500 C (982 F) to 730 C (1346 F) 
would be sufficient to bring the useful heat per unit 
weight of carbon back to the same level as for U.K. 
coke of standard composition. This case was also in- 
teresting as the proposed plant was near the size limi- 
tation, an output of 6 tons per hr maximum, and 8 
tons per hr minimum being requested. 
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ADVANTAGES OF THE PLANT 


I. A unit has been produced which can be used 
for acid, neutral or basic melting at will. Slag is cal- 
culated as is the metal charge. It is found however 
in our own practice that some 20 per cent of the 
total CaO charged is lost presumably being carried 
out by the effluent stack gases. Thus all the sources 
of silica per charge are totalled: 

1) silica from metal silicon loss, 

2) silica from coke ash (less 2 per cent fly loss), 

3) silica from limestone and spar, 

4) silica from sand carried in with charges. 

Similarly the total CaO resulting from limestone and 
spar additions is calculated, but only 80 per cent of 
this is assumed to be available and this 80 per cent 
is related to the silica total above to give the desired 
CaO/SiOs2 ratio in the slag. A total slag weight bal- 
ance is obtained by allowing for the other components 
arising from the slag ash such as alumina, magnesia, 
etc. 

II. The unit will in most cases be used as a basic 
melting unit, to enable carbon pick-up to be obtained 
and sulphur removal practised. Especially under Euro- 
pean conditions this allows the use of charges com- 
pounded of cast iron and/or steel scrap plus ferro- 
alloys to produce high grade iron from cheap low 
grade raw materials. 

III. Under such conditions, the use of hot blast has 
not only made the requisite metallurgical advantages 
of low iron oxide content, etc., an assured fact, but 
has restrained coke consumption to levels similar to 
cold-blast practice, while giving metal temperatures 
of a consistently high level, coupled with lowered sili- 
con losses. 

IV. Refractory problems, normally so aggravating 
in the basic cupola have been virtually eliminated. 

V. The unit can be so designed, with due regard 
to automatic recuperator cleaning, and judicious cool- 
ing in metal and slag tap zones, so as to be capable 
of 24 hr per day operation for periods up to four 
weeks in duration. Thus where high cost repetition 
molding plant of the automatic type is to be run on 
a three shift basis to pay-off, or where steel scrap is 
being pre-melted as a molten raw material for further 
processing in a Siemens steel plant, i.e., wherever 
modern processes are demanding a continuous supply 
of controlled composition molten iron, this type of 
unit can fill the need. 


THE FUTURE 


A heat balance has been drawn up for the Dobson 
& Barlow 4-8 ton per hr plant working near its mid- 
range, i.e., at some 5.6 tons per hr, under conditions 
similar to those quoted by Henderson. This is shown 
in Table 1. From this it will be seen that the heat 
carried in by the blast is much less than that carried 
out by the latent and sensible heat in the effluent. 
In fact, if some 50 per cent overall recovery effli- 
ciency could be achieved, the blast temperature could 
virtually be doubled. This factor is believed to be of 
the greatest importance. 

It has been demonstrated in our own experimental 
work that, for a slag of given basicity, the silicon loss 
has varied with furnace temperature. Losses of 25 
per cent were experienced with metal temperatures 
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of some 1425 C (2600 F) and slag basicity of 1.25/ 
1.30, whereas with similar slags this loss has been 
lowered to some 10 per cent with metal temperatures 
of some 1550 C (2822 F). 

That silicon losses can be turned to silicon gains in 
an acid running furnace has been amply demonstrat- 
ed by many workers. The point of transition from 
loss to gain is affected by both coke ratio and blast 
temperature. Each factor which increases both intrin- 
sic furnace temperature, and the carbon monoxide 
makes furnace conditions more reducing. 








TABLE Il. 
Heat Sources % 

Potential Heat of Residual Fixed Carbon in Coke 
(after Fly Loss and Carburization Deductions) .... 87.23 
eee a I ok. a pe os oe soa wat 10.36 
Heat From Slag Reactions ................. tae 
Heat from Silicon Oxidation .................... 1.78 
100.00 

Heat Dissipation 

Carbon Reacting with Water .................... 2.35 
Endothermic Reaction Loss ..................-.-- 0.70 
Heat to Effluent from Reaction .................. 0.09 
3.14 
Lémasiente TDecnmmpodition. ........ 2.0.25 sce wsecse 1.76 
Heat to Effluent from Reaction .................. 0.13 
1.89 
Latent Heat in Major Effluent ... See. an 
Sensible Heat in Major Effluent .................. 5.89 
46.83 
Loss to Cooling Water ..... “fore a eee 
Other Radiation Losses (including errors) .......... 4.47 
Slag Melting and Superheating .................. 2.29 
Metal Melting and Superheating ................. 28.91 
100.00 
Total Heat in Effluent (at off-takes) . me 
Present Returned Heat in Blast .................. 10.36 
Balance in Waste Gas (plus Recuperator losses) .... 36.69 





It has been said that no silicon gain can possibly 
occur in the case of a basic slag, as no “free” silica 
exists. This however is in contradiction to the fact 
that a low silicon content arises in pig iron produced 
in a basic blast furnace. The author believes that 
when the amount of experimental work done is suff- 
cient, a picture will emerge generally of the form 
shown in Fig. 10. 

It is equally well acknowledged that the efficiency 
of the desulphurizing process with basic slag is rapid- 
ly increased as the iron oxide content of the slag falls 
to low values, and further that iron oxide content also 
falls with increasing furnace temperatures. Coke ratio 
and blast temperature again are the predominant 
factors, the mechanism being again one of reduction. 

The unit described can already function as an acid, 
neutral or basic controlled slag cupola. In each capac- 
ity it can perform any of the functions which a lined 
cupola of similar acidity or basicity can perform once 
the lost heat to the cooling system has been nullified 
by extra fuel or blast temperature. 

Both these means must be noted in the interests of 
accuracy. As in the case of the larger cupolas where 
the fraction of useful heat lost to the cooling is small- 
er, these units could obviously be operated cold blast. 
If this was done however, silicon losses, and iron 


123 


oxides would be higher, desulphurizing ability and 

metal temperatures lower. Also possibly some trouble 

would be experienced due to freezing at the tuyere 
nozzles, with consequent uneven furnace behavior. 

Present performance, with blast temperatures of 500 

C (982 F) gives metal at some 1550 C (2822 F) or 

more from a 48-in. furnace running with 14 per cent 

coke and silicon losses, as quoted above, of some 10 

per cent with slags of 1.25/1.30 CaO/SiOsz ratio. 

Satisfactory as these results may be, it is suggested 
that if the blast temperature were increased still fur- 
ther by using the surplus heat in the cupola effluent 
to the fullest possible extent, several advantages would 
accrue. 

1) silicon losses could be reduced to very low values 
or nullified, (a) by the direct action of higher 
furnace temperatures or (b) by the use of less 
basic slags. 

2) less basic slags could be used to achieve equal 
desulphurization as iron oxide values would be 
also lowered. 

3) carbon pick-up would also be achieved to similar 
levels with less basic slags. 

4) very smooth and steady furnace behavior would 
result. Our present favorable experiences in this 
direction, since the modification to furnace design 
previously described, no doubt will be excelled, 
especially in the handling of charges consisting 
mainly of steel scrap, the surface of which would 
precarburize more readily in a higher carbon mo- 
noxide atmosphere. 

metal temperatures would rise still further. 

poor fuels could be made to yield satisfactory 

irons in those districts of the world where high 

quality metallurgical coke is not available. 

7) finally when sufficient advantage has been taken 
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Fig. 10—Relationship between slag chemistry, silicon content, 
and metal temperature. 








124 


of any of these factors to suit the prevailing prob- 
lem, any surplus blast heat would be offset by a 
reduction in coke usage, so that the best use 
would be made of the fuel at all times. 

It has been long known that cupola efficiency could 
be theoretically improved by the use of higher and 
higher blast temperatures, with more and more return 
of the normally wasted latent and sensible heat of 
the effluent via the blast. However it is doubted 
whether previously the refractory-lined standard cu- 
pola would have long survived such a procedure car- 
ried to its logical conclusion. It is believed however, 
that the type of cupola described above now allows 
very high combustion zone temperatures to be used. 

The final note of this paper therefore is a further 
challenge to the hot-blast equipment designer. He has 
played his part to date by meeting the demand for 
continuous automatic cleaning of standard recupera- 
tors, and by producing a 550 C (1022 F) recuperator 
which will stand the high operating pressures called 
for by high velocity tuyeres and yet remain virtually 
leakproof. Still needed is a recuperative system to 
give similar trouble-free operation up to temperatures 
possibly eventually as high as 1000 C (1832 F) while 
still being a low cost unit. A challenge indeed! The 
need however seems equally clear. 

In conclusion the author would like to thank the 
Directors of Messrs Textile Machinery Makers Ltd., 
Dobson & Barlow Ltd., and Platt Brothers & Co. Ltd., 
for permission to publish data arising from work done 


on their behalf. 
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PURCHASE SPECIFICATIONS FOR COMMONLY USED STEEL 
FOUNT'RY MOLD AND CORE SAND BINDERS 


By 


E. G. Vogel* 


The big word here, and the key word, is specifi- 
cation. Webster says it is the “Determination of a 
thing in its specific or particular character”. 

It has been our goal in our company for some time 
to establish some kind of a molding materials in- 
spection program. Going back to that definition for 
a moment, I believe all we want (at least at first) 
is to be reasonably sure that we will receive mate- 
rials consistent enough in their specific character so 
that they will not be major considerations in the 
making of good sands. In other words we want to 
eliminate the material variables in our sand problems 
picture. 

One can look upon this program as consisting of 
two stages. Initially, any systematic program of in- 
specting binders will immediately provide the sand 
control man with a picture of his raw materials. He 
may, in contrast to the past, know for example that 
he is now making core sand with strong dry baking 
cereal and if his strengths are unduly high that he 
can make an adjustment in the cereal content addi- 
tion until that cereal batch has been depleted. 

A better understanding is now at hand; many sand 
quality variations can now be more adequately ex- 
plained and dealt with. 

Secondly, it is hoped that as time goes by foundry 
sand personnel will be able, in conference with ven- 
dors, to come to agreements concerning test parame- 
ters of acceptance covering all raw materials. This 
is, of course, the primary subject to which this paper 
is devoted. 

Since we are manufacturers of an important prod- 
uct which must pass, in most cases, rigid requirements 
as prescribed by the buyer, then it should follow that 
the binders we buy as tools to produce this product 
should also be of a consistent quality. This is not in- 
tended as a taunt for our vendors and their employers, 
and yet I believe that the factor of consistency in 
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quality will become a more and more important 
salespoint as time goes by. 
The . materials which will be discussed here are 
bentonite, corn cereal flour, core oil, plastic core bind- 
er and cold set oil, primary catalyst included. 
A list of tests used is as follows: 
Sand batch green compression 
Sand batch dry compression 
Sand batch mold hardness 
Sand batch dry shear 
Sand batch transverse strength 
Sand batch tensile strength 
Sand batch scratch hardness 
pH 
Density 
Viscosity 
Solids content 

A list of equipment used is as follows: 
Laboratory muller 24-in. bowl 
Universal strength machine 
pH meter 
Mold hardness gage 
Powder density sifter 
Viscometer 
Scratch hardness 
Reel lab oven 
Drying oven 
Compressed air line 
500 ml graduate 

In the tests that follow involving conventional sand 
batch properties, we have used standard production 
sand mix formulas for core oil and liquid phenolic 
binder evaluations. This is done to get a picture of the 
material performing as a production tool. These two 
core formulas contain 4 and 5 ingredients respectively 
in addition to the sand and water. 

In addition this type of testing reveals the com- 
patibility of the oil or plastic with the balance of the 
formula. These formulas both contain corn cereal 
which in itself will vary in sand batch dry strength. 
It is necessary, therefore, to check a cereal and isolate 
a supply for these testing purposes. The cereal used 
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to develop the oil and plastic acceptance test para- 
meters shown in this paper must develop a psi dry 
shear figure between 130 and 140. This figure is devel- 
oped using the corn cereal binder test method. If a 
cereal is used which will fall outside this range, the 
resin and oil bake strength parameters shown in 
this report cannot be referred to. 

We practice the use of two sets of parameters. The 
first or control range is one, in our opinion, of ideal 
limits. Beyond these parameters we will accept ship- 
ments because we can still make minor changes to 
maintain our sand formula quality. The second range 
is generous on the high side since we can adjust for 
excessively strong material whereas excessively weak 
materials present too many problems. We are now 
speaking of a set of figures which we will use as a 
material shipment rejection criterion. 


CORE OIL 


The sand batch formula shown below is similar to 
one of our present production formulas. 


TABLE 1 — 20 LB CORE OIL TEST BATCH 





Standard 60 sand = 16.70 Ib 

120 silica flour = 2.60 Ib 13.30% 
Standard cereal oa 82 grams 0.90% 
Iron oxide _ 73 grams 0.80% 
Core oil — 168 grams 1.86% 
Water _ 520 cc 

Dry mull _ 1 minute 

Wet mul _ 5 minutes 

Oil mul _ 2 minutes 





The so-called standard sand is a two-ton supply iso- 
lated for laboratory testing use. It is purchased in 
bags and has a screen distribution like our production 
sand (AFS 60). The test cores are baked at 430 F 
for 2 hours. 


Solids Test 


In checking for solids 10 grams of oil are weighed 
in a porcelain dish and then heated at 300 F. It is 
reweighed every 30 minutes until weight loss is con- 
stant. 

The oil we use is from one manufacturer and is 
priced at $0.14 per lb received at Lebanon in 10 
drum shipments. 


TABLE 2—CORE OIL TEST PARAMETERS 





Control Range Rejection Limits 





Tensile (average of five 290-320 psi 250-360 
Transverse (average of five) 60- 80 psi 50-100 
Scratch (average of five) 70- 80 psi 60-100 
Solids (average of two) 65% min 





LIQUID PHENOLIC PLASTIC CORE BINDER 


The sand batch formula shown below is similar to 
one of our present production formulas. 

We use plastic binder from three manufacturers and 
are paying about $0.23 per Ib delivered in Lebanon 
in 16 drum shipments. 


Solids Test 


The solids content is derived simply from the de- 
hydration of a 10 gram sample of plastic in a 300 F 
oven and checked every 30 minutes to constant weight. 


Specifications For Foundry Binders 


TABLE 3—20 LB PHENOLIC PLASTIC TEST BATCH 





Standard 60 sand ~ 16.40 lb 

120 silica flour ~ 2.64 Ib 13.20% 
Standard corn cereal -- 163 grams 1.80% 
Iron oxide _ 91 grams 1.00% 
Plastic binder ~ 60 grams 0.65% 
Wood flour _ 91 grams 1.00% 
*F.O.R. = 41 cc 0.46% 
Water - 540 cc 

Dry mull _ 1.0 minutes 

Wet mull ~ 4.5 minutes 

Plastic mull - 2.0 minutes 

F.O.R. mull — 0.5 minutes 

Oven temperature - ; 

Oven time _ 1 hour 


* F.O.R. is release agent made as follows: Fuel oil No. 2 — 4 volumes; 
Release agent — 1 volume. 





TABLE 4 — PHENOLIC PLASTIC TEST PARAMETERS 








Control Range _ Rejection Limits 
Tensile (average of 5) 162 - 186 148 - 200 
Transverse (average of 5) 28- 36 24- 40 


65- 77 6l1- 82 
1500 centipoise (max) 


Scratch (average of 5) 
Viscosity of binder 


Solids (average of 5) 62- 70% 





CORN CEREAL BINDER 


We use the so-called heavy type corn about 400- 
500 grams per liquid quart measure (946 cc). The 
sand batch formula used is as follows: 


TABLE 5 — 20 LB CORN CEREAL TEST BATCH 





Standard 60 sand 19.8 lb 

Corn flour 0.2 Ib 1% 
Distilled water 410 cc 

Dry mull 1 min 

‘Wet mull 7 min 

Oven temperature 400 F 

Bake time 1 hour 





TABLE 6 — CORN CEREAL TEST PARAMETERS 
Control Range Rejection Limits 








Green compression (average of five) 0.3-1.0 Ib 0.2-1.2 Ib 
Dry shear (average of five) 130-140 Ib 120-150 Ib 
Transverse (average of five) 15-30 Ib 12-35 Ib 
Density (sifted) (average of two) 440-500 Ib 420-560 Ib 





COLD SET OIL 


This is one of the newer core binders available to 
the foundryman today but essentially it is not vastly 
different from our conventional core oils. As you 
know, it has the unique property of providing core 
sand rigidity in the core box in as little time as 
30 minutes following mill discharge. At this writing, 
we have tried to evaluate the ability of the oil to 
oxidize or take on oxygen by aerating. This is done 
by bubbling air through the oil and then checking 
the resultant increase in its viscosity. In addition, we 
check the mold hardness development, the tensile 
strength of a conventional sand mixture after baking 
and also the viscosity of the oil. 


Oxidation Viscosity by Aeration 
1. Use dry air. 
2. Bubble through 5 mm bore glass tube into 500 cc 
of cold set oil. 
3. The oil is in a 500 ml graduate and the tube is 
immersed to within 1/4-in. of the graduate 
bottom. 
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4. The oil should be held at a constant tempera- 

ture; plus or minus one degree. 

. The air must also be fairly constant in temper- 

ature; plus or minus one degree. 

6. The air is bubbled through the oil at about 500 cc 

per minute. 

. The viscosity is checked before and after 3-hr 

aeration by a viscometer. 

8. We find a viscosity increase at 75 F of about 7.5 
per cent. This is a figure obtained with insuf- 
ficient testing to provide a reliable set of para- 
meters. 


TABLE 7 — 20 LB COLD SET OIL TEST BATCH 


wt 


~l 





Standard 60 sand 20.00 Ib 
Cold set oil 136 gr - 2% 
Perborate 


12 g - 9% of oil 
Sand temperature 80 
Sand + meen mull 
Oil mul 


1 minute 
3 minutes 





Tensile Strength 


Due to the excellent flowability of cold set oil 
sand mixtures, it is necessary to have at least three 
standard tensile core boxes if the sand tensile strength 
test is to be made. We use our regular tensile box 
plus our double flowability tensile box. The sand mix is 
poured into the three boxes, wrapped three times, 
struck off and is allowed to set for one hour. 

The tensile briquettes are now strong enough for 
stripping onto the steel core carrying plates. They 
are then baked in an oven at 430 F (221 C) for one 
hour. They should be room cooled for one hour and 
tested. 


Mold Hardness Development 


When the tensile boxes are being filled. two 5-in. 
diameter pie tins are also filled by moderate pressure 
of the fingers and then neatly struck off. A certain 
hardness will develop in a given length of time. A 
mold hardness of 75 is checked in minutes and is used 
as a test. A mold hardness tester is used and it is felt 
that 75 is a mold strength sufficient to permit success- 
ful core box removals. 


Viscosity 

The viscosity of oils received should be checked 
since poor fitting drum closures, excessive age, or im- 
proper manufacture may produce an oil so viscous 
that it may tap at unacceptibly slow rates and mix 
poorly with the sand in mulling. 


TABLE 8 — COLD SET OIL TEST PARAMETERS 





Control Range Rejection Limits 
Oxidation viscosity development Insufficient Data 
75 mold hardness development 30 minutes 90 minutes 
Tensile of baked core 245-275 220-315 
Viscosity 1500 centipoise 2500 centipoise 
(maximum) (maximum) 








BENTONITE 
This material is probably the foundryman’s most 
singly indispensible binder. To replace it with some 
other kind of material and retain the set of molding 
sand characteristics with which we are familiar would 
indeed take some doing. 
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In green sand work no other material serves us both 
at room temperature and pouring temperature as 
does bentonite. 

With this importance recognized probably more 
evaluation work has been done on bentonite than on 
any of the other binders. In addition there is probably 
no more difficult material to evaluate than bentonite. 
Among the kinds of tests that have been investigated 
are: 


Sand + Bentonite Tests 


Green compression 

Green shear 

Green tensile 

Green mold hardness 

Green ney 

Green flowability 

Green deformation 

— jolt resistance 
compression 

Dry shear 

Dry tensile 

Hot compression strength 

Hot deformation 


Tests on Bentonite Alone 
Viscosity 
H 
ettling time 
Liquid limit 


Moisture content 
Chemical analysis 


Most investigators will quickly admit that no one 
test today is a satisfactory guard against poor ben- 
tonites. The writer is not one to take issue with this 
group. From experiences in this laboratory, it is felt 
that casting metal into a standard mold made of a 
standardized sand bentonite mix plus the hot com- 
pression test gives the most trustworthy evidence of 
a good, mediocre, or poor bentonite. The liquid limit 
test is considered, at this writing, having possibilities 
of being a single test for evaluating bentonite. Since 
time has permitted no experience with this test it 
will not be dwelt upon in this paper anymore than 
to say it is based on a relationship between bentonite 
slurry water contents and developed slurry rigidities. 
It is part of the S.F.S.A. tentative specification for 
western bentonite No. 18T. We use the following 
tests: 

Sand batch (1) 

Green compression 

Dry compression 

Mold hardness 

Hot compression (Sand Batch 2) 

and observation of the pH of bentonite, S.F.S.A. 
scab test casting using sand batch No. 2. 


TABLE 9 — 20 LB TEST BATCH NO. 1 





Standard 60 sand 19.4 Ib 

Bentonite 0.6 Ib (272 gr) 3% 
Distilled water 290 cc 

Dry mull 1 minute 

Wet mull 7 minutes 

Oven temperature F 

Oven time 7 hour 
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TABLE 10 — 20 LB SAND TEST BATCH NO. 2 
Standard test sand 18.8 lb 
Bentonite 454 gr 5% 
Standard corn cereal 91 gr 1% 
Water 410 cc 
Dry mull 1 minute 
Wet mull 7 minutes 
pH Slurry 


Distilled water—100 cc 
Bentonite—8 g 

Pour water into blendette first, sift bentonite into 
swirling water cone. Stir for 10 min. 


Mold Hardness Test 


This test can be conveniently run by testing the 
green compression plugs by partially stripping so that 
an impression can be made on the surface in previous 
contact with the rammer head. 


Hot Compression Test 


This test is quite useful and must be considered 
somewhat authentic since the bentonite is being sub- 
jected to high heat which is what takes place when 
metal is being cast against it. Unfortunately, it does 
require an apparatus of some expense. 

The test consists of drying 2x1-1/8 in. rammed 
cylinders of sand mix No. 2. These are dried at 230 F 
for 1-1/2 hr. They are soaked at the temperatures 
shown below for 12 min, after which they are com- 
pressed until crush failure. At least three plugs should 
be tested at each temperature. 

We have found a good bentonite will come up 
strong at 1500 F. Note carefully the strengths at 
1500, 1600, 1700, 1800 and 1900 F. Our tests indi- 
cate that a good bentonite has strength readings 
above 510 for at least three consecutive temperatures. 
For example: 


TABLE 11 — HOT COMPRESSION COMPARISONS 





Good Bentonites Poor Bentonites 
1 (2) (3) (4) 








1500 F 550 570 360 450 
1600 F 565 585 375 510 
1700 F 570 590 390 670 
1800 F 330 392 210 480 
1900 F 210 211 85 205 





Specifications For Foundry Binders 


pH Test 


Use the slurry described and take pH readings 
every 5 min until constant. 


Test Casting Observation 


The sand batch No. 2 is used as a liberal facing 
with at least l-in. coverage over the standard test pat- 
tern. Sand facing must be riddled thru a 6-mesh screen 
and backed with suitable heap sand. The sand com- 
paction should be done on a jolt machine using 25 
jolts. A carbon steel (0.20-0.30 C) poured from a 
skimmed 50-lb ladle at 2950 F will provide sufficient 
abuse to separate a good bentonite from a bad one. 


TABLE 12 — BENTONITE TEST PARAMETERS 





Control Range Rejection Limits 


No. 1 sand batch green compression 2.2 - 3.2 psi 2.0 - 3.5 psi 
No. 1 sand batch compression 35-55 psi 30-60 psi 
No. 1 sand batch mold hardness 75-80 psi 70-85 psi 
No. 1 sand ae compression 

1 





1600 F 510 psi minimum for any 
1700 F three consecutive temper- 
1800 F ature applications. 

1900 F 


H of prepared slurry 8.2 minimum 
Sand batch 2 standard casting — Observe flat ingate particularly 
for erosion. 





To ram up a mold and pour a controlled test cast- 
ing for every carload of bentonite may seem like an 
unnecessary or excessive effort. Actually this may be 
reserved as a final check method in the event that 
any of the preceeding check parameters are not met. 

The foregoing program has been in effect at Leba- 
non for less than one year. Much of the method used 
is admittedly time consuming and difficult to control; 
therefore any simplifications of testing which will give 
useful data will of course be immediately considered. 
The liquid limit test for bentonite, for example, sounds 
very promising since it is quick and may allow dis- 
continuance of some of the other tests. 

The rejection parameters are intentionally liberal 
to permit vendors to adjust if necessary without too 
much difficulty. Narrowing the parameters is some- 
thing that should definitely be envisioned for the 
near future. 

I hope this paper has given you a clear picture of 
what one foundry is doing to control the quality of 
its sand binder purchases. 
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EFFECT OF PRESSURE DURING SOLIDIFICATION ON 
MICROPOROSITY IN ALUMINUM ALLOYS 


By 


S. Z. Uram,* M. C. Flemings** and H. F. Taylor*** 


ABSTRACT 

Aluminum alloys 356 and 195 were solidified under 
pressures varying from atmospheric (15 psi) to 16.7 times 
atmospheric (250 psi). Pressures greater than atmospheric 
were fouad to result in a substantial reduction of mi- 
croporosity in sand cast test specimens. The test cast- 
ings were adequately risered, and the alloys thoroughly 
degassed. 

The reduction in porosity effected by greater-than- 
atmospheric pressure during solidification was found 
to result in little improvement of mechanical proper- 
ties in solution treated and aged test bars. 

An analysis of the test results indicates that the mi- 
croporosity in the test specimens studied was probably 
caused primarily by precipitation of minute amounts 
of gas during solidification. 


INTRODUCTION 


Commercial aluminum sand casting alloys are in- 
herently prone to microporosity. The porosity appears 
as fine voids at grain boundaries or between dendrite 
arms; these voids may be large enough to be visible 
with the naked eye or they may be so small that 
careful metallographic techniques are required to ob- 
serve them. 

Potential sources of microporosity include (1) pre- 
cipitation of dissolved gases, (2) solidification shrink- 
age, or (3) a combination of both gas and shrinkage. 
Whichever the source, dispersed microporosity arises 
because of the mode of solidification of sand cast 
aluminum alloys. These alloys do not freeze progres- 
sively from the mold wall inwards; they freeze in a 
pasty or “mushy” fashion. Nucleation occurs nearly 
simultaneously throughout the casting, and during 
most of the solidification process, solid and liquid exist 
in intimate contact over the entire casting. The solid- 
liquid mixture has the consistency of paste, or “mush”, 
and hence the term describing its solidification. 

Because of the mushy nature of solidification, in- 


* Research Assistant, **® Assistant Professor, *** Professor, 
Department of Metallurgy, Massachusetts Institute of Tech- 
nology, Cambridge, Mass. 

Based on a thesis submitted by S. Z. Uram in partial ful- 
fillment of the requirements for the degree of Master of 
Science, Department of Metallurgy, Massachusetts Institute 
of Technology. 
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dividual, more or less isolated, pools of liquid may 
exist between grains or between dendrite arms late 
in the solidification process. If dissolved gas is present 
in the liquid metal it tends to concentrate in the last 
metal to freeze, and finally to precipitate as a gas 
hole; the result is distributed “gas-type” microporosity. 
Further, if an open feed channel is not maintained 
to each individual pool of liquid, solidification shrink- 
age may also result in microporosity. It is generally 
considered that dissolved gases and interdendritic 
shrinkage can reinforce each other in the formation 
of voids. 

In relatively large amounts, microporosity is known 
to be quite deleterious to mechanical properties of 
aluminum alloys’ and to result in a lack of pressure 
tightness. In smaller amounts, microporosity probably 
also impairs mechanical properties, although a safe 
“minimum” amount has not been established. It is, 
therefore, important to keep such porosity to a mini- 
mum in quality commercial castings, and techniques 
for accomplishing this are (1) adequate degassing, 
and (2) directional solidification. 

Careful degassing techniques (in combination with 
adequate risering ) reduce microporosity in aluminum 
alloy castings to a very low value—to a point where 
the microporosity cannot be seen visually or by x-ray 
examination. Degassing and risering alone, however, 
do not completely eliminate the microporosity; even 
with optimum melting practice and risering tech- 
niques, microporosity may still be detected in alumi- 
num alloy sand castings. Heavy chilling, in combina- 
tion with adequate degassing and risering is necessary 
to produce commercial sand castings of these alloys 
essentially free of microporosity.* 

The present work represents an attempt to deter- 
mine if microporosity in aluminum alloy sand castings 
can be substantially reduced by application of hydro- 
static pressure during solidification. Previous work has 
illustrated that such pressure will reduce microporosity 
and improve mechanical properties of alloys which 
are saturated with hydrogen,* but the present work 
was undertaken with alloys as completely degassed 
as possible. Additional objectives of this investigation 
were to determine if any reduction in microporosity, 
if found, would result in appreciable improvement of 
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mechanical properties of the alloys, and to gain an 
insight into the mechanism of formation of microporos- 
ity in well-fed, well-degassed aluminum alloy sand 
castings. 


PROCEDURE 
Test Pattern and Pressure Chamber 


The test pattern used throughout this work is 
sketched in Fig. 1. The total weight of the casting 
(including riser) is 8.3 Ib; the test section itself weighs 
2.0 Ib and is large enough to permit standard 0.505- 
in. diameter, 2-in. gage tensile bars to be cut from 
it for test. The pattern was molded in oil-bonded core 
sand for all tests. 

The test casting described was solidified under hy- 
drostatic pressures varying from 15 psi (one atmos- 
phere) to 250 psi (17 atmospheres). In each heat 
produced, a control casting was solidified at 15 psi 
by pouring a casting in the open atmosphere; a second 
casting was solidified at higher pressure by pouring in 
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Microporosity in Aluminum Alloys 


the apparatus shown in Fig. 2. The apparatus, a 
pressure chamber, permitted pouring the test casting 
with an ordinary ladle; subsequently the chamber 
could be sealed and nitrogen gas admitted from a 
storage tank until the pressure reached the desired 
level. Solidification of the casting then took place 
under the applied pressure. 


Melting, Pouring, Solidification Practice 


Six heats were poured, three of 356 alloy (nominal 
analyses—7% Si, 0.8% Mg, 0.18% Ti) and three of 
195 alloy (nominal analyses—4.5% Cu, 0.18% Ti). Melt- 
ing stock was composed of high purity virgin mate- 
rials; aluminum pig (99.9%), Al-Si hardener (50% 
Si), Al-Cu hardener (50% Cu), magnesium (99.9%), 
and Al-Ti hardener (5% Ti) were used. 

In the melting practice of both alloys, the high 
purity aluminum pigs were charged first, and non- 
volatile alloying elements (all alloying elements except 
the magnesium) added shortly after melting began. 
The magnesium was added to the 356 alloy melt 
just before degassing. Degassing was accomplished 
with a special grade of dry nitrogen (dewpoint, -73 
F). Nitrogen was bubbled through the melt for 15 
min. at 1200 F to 1300 F. Gas content was checked 
with a reduced pressure tester; the metal was held 
5 min. to alloy dross flotation, and poured. 

Two castings were poured in each heat. A control 
casting was first poured at atmospheric pressure; cov- 
ered with gypsum; and allowed to solidify. A second 
casting was then poured in the pressure chamber 
through the runner system shown in Fig. 2. The core 
containing the runner was removed; the casting cov- 
ered with gypsum; and the door to the pressure 
chamber then closed. Nitrogen gas was admitted 
to the chamber until the pressure reached the de- 
sired level (pressures of 60 to 250 psi were employed ). 
A total of 3 min. was required between the time the 
casting was poured and the chamber was brought up 
to pressure. Thermal analysis indicated that appre- 
ciable solidification had not occurred in this interval. 
The casting was found to solidify completely in 23 
min. and pressure in the chamber was released after 
30 min. 
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Heat Treating and Testing 


After solidification, all castings were heat treated 
and aged. The following heat-treating schedules were 
used: 

(a) 356 Alloy 

Solution treat 1000 F, 16 hr.; water quench; 
hold at room temperature, 24 hr. minimum; age 
$10 F, 12 hr. 

(b) 195 Alloy 

Solution treat, 960 F, 16 hr.; water quench; hold 
at room temperature, 24 hr.; age 310 F, 12 hr. 

A l-in. thick section was cut through a vertical 
plane of the entire casting plus riser (in the same 
plane as the test bars shown in Fig. 1). The section 
was milled flat to 0.70 in. and radiographed. Typical 
radiographs are shown in Figs. 3 through 6. 

After x-raying, test bars were cut from each slab 
as shown in Fig. 1. Standard 0.505 in. diameter, 2-in. 
gage length bars were cut and pulled after heat 
treatment to determine a possible effect of pressure 
during solidification on mechanical properties. 

In order to examine the effect of pressure on poros- 
ity on a micro scale, a small piece (about 1/2 in. 
square x 1/8 in. thick) was cut from the center of 
each casting and polished parallel and smooth to a 
thickness of 0.010 in. The section was radiographed, 
and the radiographs enlarged 10 diameters. Typical 
final microradiographs are shown in Figs. 7 through 
10. 


RESULTS 


Hydrostatic pressure during solidification has a pro- 
nounced effect on the distribution of solidification 
voids in cast aluminum alloys. Figure 3 illustrates a 


Fig. 3—Radiograph of center section of 195 alloy cast- 
ing solidified under 15 psi (one atmosphere). Heat b. 


Fig. 4—Radiograph of center section of 195 alloy cast- 
ing solidified under 100 psi (6.7 atmospheres). Heat b. 


Fig. 5—Radiograph of center section of 356 alloy cast- 
ing solidified under 15 psi (1 atmosphere). Heat c. 
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typical radiograph of a 0.7-in. section from a 195 alloy 
casting poured at atmospheric pressure. The riser 
shows little dishing, but substantial dispersed micro- 
shrinkage. Microporosity is evident in the test section 
of the casting itself. Figure 4 illustrates a similar radio- 
graph from a casting of the same heat, but solidified at 
100 psi. (6.7 atmospheres). The riser is dished more 
noticeably; a more localized shrinkage is observed in 
the riser; and the: casting itself appears sounder. 
Figures 5 and 6 illustrate typical radiographs show- 
ing the effect of pressure on the solidification struc- 
ture of 356 alloy. The casting of Fig. 5 was solidified 
at atmospheric pressure, and that of Fig. 6 was solidi- 
fied at 250 psi. (17 atmospheres ). Again a more local- 
ized shrinkage is observed in the riser of the pressure 
cast sample. The radiographs do not reveal a sub- 


Fig. 6—Radiograph of center section of 356 alloy cast- 
ing solidified under 250 psi (16.7 atmospheres) Heat e. 


stantial difference in soundness between the test sec- 
tion of the casting solidified at one atmosphere and 
that solidified at 17 atmospheres. 

Figures 7 and 8 illustrate more directly the effect 
of pressure on microporosity in 195 alloy. Figure 7 
shows a microradiograph of a sample taken from the 
center of the test section of a 195 alloy casting solidi- 
fied at one atmosphere (sample taken from just above 
center of bar No. 1 (Fig. 1). Random, relatively large 
micropores are apparent. Figure 8 illustrates the ef- 
fect of increasing the pressure to 6.6 atmospheres 
during solidification of a casting from the same heat. 
A substantial reduction in microporosity is visible. 

Figures 9 and 10 illustrate the effect of pressure 
on porosity in 356 alloy. Figure 9 shows a microradio- 
graph of a casting solidified at one atmosphere, and 
Fig. 10 shows a microradiograph of a casting from 


Microporosity in Aluminum Alloys 


the same heat solidified under 16.7 atmospheres. The 
samples were taken from the center of the test section, 
just above bar No. 1 (Fig. 1). A reduction in void 
size due to the application of pressure during solidi- 
fication is apparent (Figs. 9 and 10). 

Tables 1 and 2 illustrate that the reduction in mi- 
croporosity brought about by increasing hydrostatic 
pressure is not accompanied by a substantial increase 
in mechanical properties of well fed, well degassed 
castings. In the case of 195 alloy (Table 1), increasing 
pressure appears to increase the ultimate tensile 
strength by about 2000 to 4000 psi. No increases in 
yield strength or elongation are detected. In the case 


Fig. 7—Microradiograph of 195 alloy solidified at 15 psi (1 
atmosphere). Heat b, X10. Light areas are microporosity. Dark 
areas are aluminum-copper undissolved intermetallic. 


Fig. 8—Micrograph of 195 alloy solidified at 100 psi (6.7 at- 
mospheres). Heat b, 10. Light areas are microporosity. 
Dark areas are alumi pper intermetallic. 





Fig. 9—Microradiograph of 356 alloy solidified at 15 psi (1 
atmosphere). Heat e, 10. Light areas are microporosity. 
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Fig. 10—Microradiograph of 356 alloy solidified at 250 psi 
(16.7 atmospheres). Heat e, X10. Light areas are microporosity. 


TABLE 1 — MECHANICAL PROPERTIES OF 195 ALLOY 
CASTINGS SOLIDIFIED AT VARIOUS PRESSURES 





Pressure 
Test Bar % EI. 
Heat No. Location® psi Atmosphere U.T.S. Y.S. in 2 in. 
az. 1 15 1 35,000 30,000 
1 60 4 37,000 29,000 
b 15 1 32,700 
100 6.7 36,500 30,000 
c 15 1 36,600 30,000 
250 16.7 41,000 30,000 
*Test bar location numbers refer to Fig. 1. 








TABLE 2 — MECHANICAL PROPERTIES OF 356 ALLOY 
CASTINGS SOLIDIFIED AT VARIOUS PRESSURES 


Pressure 

Test Bar % EI. 
Heat No. Location® psi Atmosphere U.T.S. pS! Ss in 2 in. 
c ; 1 34,700 31,300 
1 34,200 30,800 
6.7 35,400 31,300 
6.7 34,700 30,800 
1 36,100 32,500 
1 36,700 34,000 
10.7 38,500 32,500 
10.7 37,400 34,500 
1 38,100 33,900 
1 37,300 34,000 
16.7 38,000 33,900 
16.7 37,500 33,900 

*Test bar location numbers refer to Fig. 1. 
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of 356 alloy (Table 2), pressure during solidification 
had little or no beneficial effect on mechanical prop- 
erties. 


DISCUSSION 


Solidification of 356 alloy and 195 alloy sand cast- 
ings under pressure has been shown to result in a 
substantial reduction of microporosity in the alloys. 
The marked reduction in microporosity, due to ap- 
plied pressure, makes it appear likely that the voids 
in the well fed test section used in this study were 
caused primarily by the precipitation of gas during 
solidification. 

The only gas soluble in appreciable quantities in 
aluminum and its alloys is hydrogen.* The solubility 
of this gas in pure aluminum is 0.7 cc per 100 grams 
(standard temperature and pressure) while the solu- 
bility in the solid is only 0.04 cc per 100 grams (stand- 
ard temperature and pressure).? Since the solubility 
in the solid is so low, it is quite possible that even 
the most effective degassing methods in commercial 
use may leave enough hydrogen in solution to precipi- 
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tate fine voids during solidification. 

Pressure applied during the solidification process 
tends to reduce the size of gas-caused micropores in 
two ways. It tends to increase the solubility of the 
solid for hydrogen according to Sievert’s law:' 


C, = K yP (1) 
C, = solubility of hydrogen in solid (cc/100 
gms, STP) 
K = constant (0.04 cc STP/100 gms x atm.) 
P = pressure of hydrogen in micropore, as- 
sumed equal to the applied pressure 
(atm.). 


By increasing the solid solubility for hydrogen, ap- 
plied pressure decreases the amount of hydrogen 
available to form a void. 

Pressure also decreases the size of gas-caused mi- 
cropores according to Boyle’s law: 


where 


V, = C (5) (2) 


where V, = Volume of micropore (cc) 
C constant (atm.—cc) 
P applied pressure (atm.). 


Figure 11 illustrates how applied pressure affects the 
amount of “gas-type” micropores in aluminum castings; 
per cent void volume is plotted versus the initial 
hydrogen concentration for three applied pressures. 
The graph was developed from equations (1) and (2) 
in the manner outlined in the Appendix. The assump- 
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tions involved in Fig. 11 are also listed in the Appen- 
dix. For simplicity, the gas solubility constants em- 
ployed in the calculation were those for pure alumi- 
hum. 

Figure 11 illustrates that when voids are caused by 
precipitation of hydrogen, increasing the applied pres- 
sure during solidification substantially reduces void 
volume. It also shows, however, that the pressures 
employed can completely eliminate microporosity only 
when the amount of hydrogen initially dissolved in the 
liquid metal is very low (i.e., only in extremely well- 
degassed aluminum). The microradiographs of Figs. 
7 to 10 illustrate that in this work, pressure substan- 
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tially reduced microporosity but did not completely 
eliminate it. 

As mentioned previously, the marked effect of pres- 
sure on microporosity makes it appear likely that the 
voids in the castings studied were caused primarily 
by gas. If the voids were not caused primarily by 
gas, but were caused by solidification shrinkage, pres- 
sure might conceivably result in a reduction of their 
size in two ways. It might result in some plastic work- 
ing, or “hot forging” of the metal, closing pores al- 
ready formed, but this appears unlikely at the pres- 
sures involved. 

Pressure might also result in a reduction of “shrink- 
age-type” micropores by forcing the liquid metal 
through the narrowing feed channels to the more or 
less isolated pools of liquid metal. However, in view 
of previous theoretical analyses of solidification® it ap- 
pears unlikely that the pressures employed here would 
result in much reduction of porosity by this mech- 
anism. 

While the pressures employed in this work substan- 
tially reduced microporosity, little improvement in me- 
chanical properties due to the increased pressure was 
noted. Thus, the application of pressure during solidi- 
fication does not appear to be a feasible method for 
improving the mechanical properties of well degassed, 
well risered, commercial aluminum alloy sand castings. 


SUMMARY 


Solidification of two aluminum alloys under pres- 
sures greater than atmospheric resulted in a substan- 
tial decrease in microporosity in well fed, well de- 
gassed sand castings. The marked effect of pressure 
on the porosity makes it appear likely that the micro- 
pores observed were caused primarily by precipitation 
of minute amounts of gas during solidification. 

The reduction in microporosity due to the applied 
pressure was not accompanied by appreciable increase 
in mechanical properties of solution treated and aged 
test bars cut from the castings. 


REFERENCES 


. Ransley and Neufeld, “Solubility of Hydrogen in Liquid 
and Solid Aluminum,” Journal Institute of Metals, v 74, 
1947, p 599. 

. Eastwood, L. W., Gas in Light Alloys, John Wiley & Sons, 
N. Y., 1946. 

. Passmore, E. M., “Effects of some Factors on the Mechan- 
ical Properties of Cast Aluminum-Copper Alloys,” ScD. 
Thesis, Department of Metallurgy, Massachusetts Institute 
of Technology, 1957. 

. Hanson, D. and Slater, I. G., “Solidification in Sand Moulds 
Under Pressure,” Journal Institute of Metals, v 56, No. 1, 
1935, pp 108-123. 

‘ Walther, W., Adams, C. M., and Taylor, H. F., “Mechan- 
ism of Pore Formation in Castings,” “TRANSACTIONS AFS, v 
64, 1956, p 658. 

. A.S.M., Metals Handbook, 1948. 

. Ople, W. R. and Grant, N. J., “Hydrogen Solubility in 
Aluminum and Some Chromium Alloys”, Transactions 
AIME, v 188, 1950, pp 1237-1241. 


ACKNOWLEDGEMENTS 


The authors express their appreciation to the Amer- 
ican Brake Shoe Company for the Fellowship which 
made this work possible, and to the Instrumentation 
Laboratory, M.I.T., for the added financial support 
necessary to purchase the experimental equipment. 


Microporosity in Aluminum Alloys 


APPENDIX 


Relationship between dissolved hydrogen and final 
per cent porosity in cast aluminum. 

Assumptions: 

1) There is no evolution of gas from the casting to 
the surroundings. That is, all gas dissolved in the 
melt remains as gas bubbles or is dissolved in the 
solid after solidification. 

2) Boyle’s Law and Sievert’s Law are obeyed. 

3) The pressure of hydrogen in the bubble formed 
is equal to the applied pressure at the tempera- 
ture of formation. 

4) Pressure variation in the casting due to hydro- 
static head of the metal is neglected. 

5) Diffusion of hydrogen in solid and liquid aluminum 
is perfect. 

In the present case, consider pure liquid aluminum 
at its melting point with an initial hydrogen concen- 
tration of C, (cc/100 gms at S.T.P.) dissolved in it. 
The amount of hydrogen, C', available to form pores 
in the metal is the difference between the amount 
initially dissolved in the liquid metal, C,, and the 
amount of hydrogen soluble in the solid, C,. That is: 

c=C, -C, (1) 
where C! = volume of hydrogen available to form 
a void (cc/100 gms at S.T.P.) 
C, = initial concentration of hydrogen in 
liquid (cc/100 gms at S.T.P.) 
C, = solid solubility (cc/100 gms at S.T.P.) 

The solid solubility varies with applied pressure 

according to Sievert’s Law: 


C, = K yP (2) 
where K = constant (0.04 cc S.T.P./100 gms x atm.*) 
P = applied pressure in atm. 


In a 100 gram sample the volume of hydrogen in 
the form of pores at S.T.P. will be equal to C! ( Equa- 
tion (1) ). However, the voids are actually formed 
at the melting point of aluminum 660 C (933 K) and 
at an applied pressure of P atm. Therefore, by Boyle’s 
Law, the volume of voids, Vv, at temperature T = 
933 K and at pressure P for a 100 gram sample is: 


V,= KC (+) (3) 


where V, = volume of voids, cc 
: = constant = 1/278 atm* Kelvin 
= temperature = 938 Kelvin. 
oudaed Equations (1) through (8) yields: 


v,=(C,-KyPK' T Pm 


P 


Since 100 grams of aluminum occu aoe a volume of 


p/100 grams where p is the density of aluminum (2.7 
gms/cc of “ volume of voids may be expressed on a 
percentage basis as: 


-(¢,-KypPet © 


Thus, for a given initial hydrogen concentration in 
molten aluminum bath, and a given applied pressure, 
the percentage of gas voids in final structure may be 
calculated from Equation (5). Results of a series of 
such calculations shown in graph of Fig. 11. 
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ABSTRACT 


The surface finish, shrinkage, compressive strength, 
permeability and thermal conductivity of an expend- 
able graphitic mold have been determined. The amount 
of surface contamination of titanium cast into this type 
of mold has also been ascertained. All of the variables 
were studied as functions of the molding pressure and 
moisture content of the graphitic material. 

The material fabricated with 6 per cent by weight of 
water and compacted at 123 psi pressure provided a 
satisfactory mold into which molten titanium could be 
cast. 


INTRODUCTION 


The technique of casting uncontaminated, super- 
heated titanium has been facilitated by the develop- 
ment of the consumable electrode-vacuum arc melting 
furnace. One problem still remaining as an obstacle 
to the establishment of a satisfactory and economical 
titanium casting process is that of a suitable expend- 
able mold material. At the present time, machined 
graphite or massive copper molds’ are employed for 
the production of titanium castings free from embrit- 
tling surface contamination. These types of molds 
are expensive to produce and have practical geo- 
metric limitations. In addition, in the case of machined 
graphite, the life of the molds is limited to a few 
castings. 

Various refractories have been tested to determine 
their feasibility for use as mold materials. The most 
promising of these materials can offer only a marginal 
solution to the existing problem.” Recently, however, 
Feild* and Feild and Edelman* have developed a 
powdered graphite mold which has shown promise. 


® Metallurgist, Pitman-Dunn Laboratories, Frankford Arsenal, 
Philadelphia. 

°° 9d Lt., Ordnance Corps, Metallurgist, Pitman-Dunn Lab- 
oratories, Frankford Arsenal, Philadelphia. 

*®® Chief, Reactive Metals Section, Pitman-Dunn Labora- 
tories, Frankford Arsenal, Philadelphia. 


58-28 


This type of mold is composed of powdered graphite 
(the basic material) with starch, carbonaceous ce- 
ment and pulverized pitch as binders. Water mixed 
with a surface activating agent is used as the vehicle. 
Molds are made by pressing a mulled mixture of the 
components around standard wooden or metal pat- 
terns. The pressed molds are stripped from the pat- 
terns, air dried, baked and then fired. Titanium cast 
into these molds exhibited little surface contamination. 

In view of these encouraging results, it was felt” 
that a comprehensive study of some of the variables 
of this material on its foundry characteristics should 
be made. The parameters that were chosen for im- 
mediate investigation were moisture content and mold- 
ing pressure. 


MATERIALS 


Electric furnace graphite powder was used as the 
basic material. The sieve analysis of this material is 
given in Table 1. 


TABLE 1—SIEVE ANALYSIS OF ELECTRIC FURNACE 
GRAPHITE 





PerCent Cumulative Size 
U. S. No. Mesh Retained Per Cent (Microns) 
48 20.2 20.2 297 
60 60 10.3 30.5 246 
70 65 12.1 42.6 210 
80 80 14.9 57.5 175 
100 100 12.9 70.4 147 
120 115 10.0 80.4 125 
140 150 5.2 85.6 104 
Pan 14.4 100 











The AFS grain fineness number for this material 
was calculated to be approximately 80. Common 
laundry starch in a finely powdered form was used 
as the green binder. Carbonaceous cement and pul- 
verized pitch provided additional binding strength. 
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A surface activating agent was mixed with ordinary 
tap water to act as the vehicle. 

The standard mix shown in Table 2 was used to 
prepare all specimens. Various amounts of water were 
added to this mixture to provide moisture contents of 
4, 5, 6, 8, and 10 per cent by weight. 


TABLE 2—COMPOSITION OF MOLD MATERIAL 
USED FOR SPECIMEN PREPARATION 


Component Part by Weight 


Electric graphite powder AFS No. 80 53 
Starch 10 
Pitch 10 
Carbonaceous cement 8 
Surface activating agent 1 











SPECIMEN PREPARATION 


The total weight of the mixture, excluding the wa- 
ter, was 2.9 kg (6.4 lb). The graphite, starch and 
pitch were mulled in a 25 lb sand muller for 30 
sec. The carbonaceous cement, surface activating 
agent, and the desired amount of water were 
then added and the entire mixture was mulled for 2 
min. Samples of 100 gr (0.22 lb) were weighed 
out and pressed into cylindrical specimens. A 2-in. 
ID steel cylinder of the type employed for mak- 
ing standard sand specimens was used for this 
purpose. Variations in molding pressure were accom- 
plished by adjusting the applied pressure pneumati- 
cally. Pressures of 30.7, 61.5, and 123.0 psi were used 
for each of the 5 moisture contents. 

Nine specimens were made for each combination 
of moisture content and molding pressure. All of the 
specimens were air dried for four days. Six out of each 
group of nine specimens were heated from room tem- 
perature to 250 F at a rate of 15 F per hr. These 
specimens were held at 250 F for six hours and then 
cooled to room temperature. Three specimens, from 
each group of six that were baked at 250 F, were 
placed in a clay graphite crucible, packed with pow- 
dered graphite and then fired to 1800 F. These speci- 
mens were held at this temperature for two hours and 
then furnace cooled to room temperature. 


TESTING METHODS 


Surface Evaluation 
Variations in surface finish were observed for the 
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molded specimens used in this investigation. There- 
fore, arbitrary standards were established to classify 
the specimens according to surface appearance. The 
specimen with the smoothest surface was designated 
as “1”, while the roughest was designated as “4”. A 
photograph of the standards that were assigned sur- 
face values of 1, 2, 3, and 4 is shown in Fig. 1. The 
surfaces of all the specimens prepared in this inves- 
tigation were evaluated using these standards. 


Shrinkage 


It was observed that the graphitic material used in 
this investigation did suffer appreciable shrinkage dur- 
ing baking and firing. This shrinkage can be compen- 
sated for by proper pattern design when the degree 
of shrinkage is accurately known. Therefore, to facili- 
tate accurate pattern design the magnitude of the 
shrinkage was determined by measuring the diame- 
ter of the cylindrical specimens at the various stages 
of the process. 


Compressive Strength 


The change in volume which occurs during the 
solidification of a metal imposes stresses on both the 
mold and the solid metal. The mold must be strong 
enough to withstand these stresses. In addition, strong 
molds are necessary in order to avoid damage due to 
rough handling. 

Compressive strengths for the green (air dried), 
baked, and fired conditions were determined as a 
function of water content and molding pressure. 

The cylindrical specimens were loaded in compres- 
sion with a tensile testing machine. The crosshead 
speed was maintained within the range of 1/10 to 
1/20 of an inch per minute. The ultimate compres- 
sive strength was calculated by dividing the maximum 
load by the original cross-sectional area. The tests 
were run in triplicate for the green and baked states 
and in duplicate for the fired state. 


Permeability 


Permeability is the measure of freedom with which 
the mold material permits gases to pass through it. 
The gases in the mold may be present from two 
sources. These are: 

1) Ambient atmosphere in the mold cavity. 

2) Generated gas due to mold-metal reaction. 

The permeability of the specimens used in this 
investigation was determined with a commercial test- 
ing device. The time was determined for a fixed 
volume of air (1000 cm*) to pass through the speci- 
men. The absolute permeability was calculated using 
the formula 

os 
pat 
where: 

= permeability number 

= volume of air passing through specimen 
(1000 cm?) 
height of specimen (cm) 
pressure of the air (10 gr/cm?) 
cross-sectional area of specimen (cm?) 
time (minutes) for 1000 cm® of air to pass 
through specimen 
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[hermal Conductivity 


Molten titanium will react with graphite. However, 
if graphite is used as a mold material there is prac- 
tically no carbon pick-up from the mold because the 
metal is chilled very rapidly. This chilling action of 
the mold causes the resulting casting to have a rippled 
surface. The rippled surface condition can be mini- 
mized if the molten metal is superheated appreciably. 
By reducing the thermal conductivity of a graphitic- 
type mold the amount of superheat necessary to ob- 
tain smooth castings would be reduced. However, the 
thermal conductivity of the mold should be main- 
tained at some minimum value to prevent detrimental 
carbon pick-up. The specimens used in this investiga- 
tion were a mixture of graphite, carbon and voids. 
Therefore, mold conductivity largely should be a 
function of the void content, which in turn is de- 
pendent upon the molding pressure and moisture con- 
tent. In order to determine the relative effect of 
molding pressure and moisture content on the thermal 
conductivity of the material, the following method 
was employed: 

A fired cylindrical specimen of each moisture con- 

tent and molding pressure was ground to a height 

of 1-1/4 in. A 1/8-in. diameter hole was drilled 
1/4-in. deep in the center of one of the circular 
faces of each specimen. Thermocouples were ce- 
mented into these holes with carbonaceous cement. 

Five of these specimens and a machined graphite 

control specimen were rammed up in a sand mold 


f 


Fig. 2—Aluminum casting and mold, showing specimen and 
thermocouple arrangement used to determine heating curves 
for thermal conductivity calculations. 


as shown in Fig. 2. Molten aluminum was cast into 
the mold and heating curves were obtained for each 
specimen. In addition, the temperature at the alu- 
minum-sand mold interface was recorded as a func- 
tion of time. The conductivity of each specimen 
was calculated from these data. A sample calcula- 
tion is given in Appendix I. 


Surface Contamination 


Numerous materials have been tested as molds for 
casting titanium. Practically all of them have been 
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rejected because they react with titanium and form 
brittle contaminated surfaces on the casting. The mi- 
crohardness traverse has been used extensively in 
identifying the presence of such a surface. This test 
reveals both degree and depth of contamination. 
The degree and depth of contamination associated 
with the various specimens used in this investigation 
were determined by casting unalloyed titanium (Bhn 
120) around the specimens as shown in Fig. 3. A 
control specimen of machined graphite was used for 
each casting. The castings were sectioned and micro- 
hardness traverses were made. A graph was then 


z , ” ie asta Yow 
Fig. 3—Titanium casting used for contamination measure- 
ments, showing arrangement of graphitic specimens. 


plotted of the hardness versus the perpendicular dis- 
tance of the hardness reading from the mold-metal 
interface. All of the castings were made in a non- 
consumable electrode arc-type bottom pour melting 
furnace.* é 


Mold Penetration 


The high fluidity of molten titanium facilitates the 
penetration of the molten metal into the interstices 
of permeable molds. Mold penetration of this type 
would occur at corners and edges of core where 
hot spots would be prevalent. 

Mold penetration of the specimens used in this in- 
vestigation was determined by visual observation of 
the titanium castings. 


TEST RESULTS 


Surface Evaluation 


The data in Table 3 represent the average of three 
separate evaluations of the surface appearance of the 
various specimens. The ratings given in this table are 


TABLE 3 — SURFACE RATING OF GRAPHITIC MOLD 
MATERIAL SPECIMENS FOR VARIOUS WATER 
CONTENTS AND MOLDING PRESSURES 


Surface Rating® 
Molding Pressure (psi) 

30.7 61.5 123.0 
“1.50 “1.25 1.00 

1.75 1.25 1.00 

2.25 1.50 1.25 

2.75 1.75 1.50 
10 4.00 2.50 2.00 


* Average of 3 evaluations 





Per Cent Water 
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based on the standards shown in Fig. 1. The data in 
Table 3 indicate that smoother surfaces are obtained 
by increasing the molding pressure and decreasing the 
moisture content. At the higher moisture contents, 
the molding material had a tendency to “ball” in 
the muller. It was this balling or lumpiness that 
caused the rough surface appearance in the higher 
moisture content specimens. 


TABLE 4 — MOLD SHRINKAGE OF GRAPHITIC MOLD 
MATERIAL FOR VARIOUS WATER CONTENTS AND 
MOLDING PRESSURES. 


Shrinkage® (in. /ft) 
Molding Pressure (psi) 
30.7 61.5 123.0 
0.367 0.313 0.300 
0.331 0.301 0.270 
0.338 0.289 0.310 
0.326 0.302 0.265 
10 0.290 0.291 0.265 
* Average of three tests. 





Per Cent Water 











Shrinkage 

The average mold shrinkage for the various mois- 
ture contents and molding pressures are listed in Ta- 
ble 4. These data illustrate a general trend of de- 
creasing shrinkage with increasing moisture content 
and molding pressure. Although the higher moisture 
content material did tend to ball in the muller, it 
was more plastic. This plasticity enabled the particles 
to be more closely packed. 

This closer packing was reflected in increased dens- 
ity as shown in Table 5, and this closer packing 
accounts for the reduced amount of shrinkage. 


TABLE 5— DENSITY OF GRAPHITIC SPECIMENS IN 
THE BAKED CONDITION 


Density of Baked Specimens (g/cc) 
Molding Pressure (psi) 

30.7 61.5 123.0 
1.03 1.10 1.20 
1.03 1.10 1.17 
1.08 1.15 1.25 
1.14 1.26 1.36 
1.19 1.26 1.35 
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Fig. 4—Green compression strength vs per cent water for 
graphitic mold. 
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Compression Strength 


The compression strengths vs per cent water for 
the green, baked, and fired conditions are shown in 
Fig. 4, 5 and 6, respectively. In Fig. 4 it can be 
seen that with molding pressures of 61.5 and 123.0 psi, 
maximum strength is obtained with approximately 
8 per cent water. At the lower molding pressure (30.7 
psi) no maximum strength is observed for up to 10 
per cent water. The lowest compression strength ob 
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Fig. 5—Baked compression strength vs per cent water for 
graphitic mold material. 
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Fig. 6—Fired compression strength vs per cent water for 
graphitic mold material. 


tained in the green state is approximately 100 psi 
(4 per cent water, 30.7 psi molding pressure). Com- 
paring Fig. 4 and 5, it can be seen that the baking 
treatment has a greater effect on the strength of the 
higher moisture content material, especially at the 
higher molding pressures. However, baking did in- 
crease the strength of all specimens appreciably. 
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in Fig. 6 fired compression strength is plotted. It 
can be seen by comparing these curves with those of 
Fig. 4 and 5 that firing imparts even greater strength 
to the mold material. In Fig. 7 the effect of molding 
pressure on the fired compression strength is shown 
for constant moisture contenis. In all cases, the strength 
increases appreciably as the molding pressure is in- 
creased. The actual compression strength data for all 
three states of the material are listed in Appendix II. 
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Fig. 7—Fired compression strength vs molding pressure for 
graphitic mold. 
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Fig. 8—Permeability vs per cent water for graphitic mold 
material. 


Permeability 

The average permeability vs moisture content is 
plotted for each molding pressure in Fig. 8. It can 
be seen from these plots that the permeability de- 
creases with increasing water content and increasing 
molding pressure. The actual permeability data are 
listed in Appendix III. 


Thermal Conductivity 


Approximate thermal conductivities for the various 
water contents and molding pressures are shown in 
Table 4. It can be seen from this table that the 
conductivity varied from approximately 4 to 10 Btu/ 
hr ft °F as the water content and molding pressure 
were increased. An increase in molding pressure or 
water content increases the conductivity. 


TABLE 6 — THERMAL CONDUCTIVITY OF GRAPHITIC 
MOLD MATERIAL FOR VARIOUS WATER CONTENTS 
AND MOLDING PRESSURES 


Thermal Conductivity Btu/hr ft °F 
Molding Pressure (psi) 

30.7 61.5 123.0 
4.1 4.3 5.3 
4.2 4.6 5.5 
4.3 5.3 6.6 
6.4 7.8 9.1 
7.0 9.6 9.7 





Per Cent Water 














Surface Contamination 


Figure 9 is a plot of Knoop hardness numbers vs 
distance from the mold-metal interface. Two bands 
are plotted in this figure. The hatched band repre- 
sents the variation in hardness that was obtained for 
three castings made against machined graphite speci- 
mens. 

The unhatched band represents the same prop- 
erty with the graphitic mold material specimens. The 
maximum variation of hardness for the graphitic speci- 
mens is approximately 120 Khn units. A comparison 
of the upper limit of this band with the band for the 
machined graphite specimens indicates an appreciable 
degree of contamination. It should be emphasized, ~ 
however, that for every water content there was at 
least one molding pressure (almost exclusively the 
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Fig. 9—Knoop hardness vs distance into metal from mold-metal 
surface. 


highest molding pressure) which gave a curve practi- 
cally coincident with the lower limit of the unhatched 
band in Fig. 9. The lower part of the unhatched band 
in Fig. 9 compares favorably with the machined 
graphite mold data (hatched band). The actual hard- 
ness data are listed in Appendix IV. 
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Mold Penetration 


It was observed that the molten titanium penetrated 
the edges of several specimens and produced a spongy 
mass of metal at the edges. The degree of edge pene- 
tration was greatest for the 4 per cent water specimen 
that was molded at the lowest pressure. The degree 
of edge penetration decreased as the water content 
and molding pressure were increased. Table 7 lists the 
specimens which exhibited evidence of edge pene- 
tration. 


TABLE 7 — EDGE EFFECT OF MOLTEN TITANIUM ON 
GRAPHITIC MOLD MATERIAL FOR VARIOUS WATER 
CONTENTS AND MOLDING PRESSURE 


Edge Effect (N or P)* 
Molding Pressure (psi) 
30.7 61.5 123.0 
— ee 

N 





Per Cent Water 





N 
N 
N 


10 
°P = penetration at edges 
N = No penetration 





DISCUSSION 


These data illustrate that expendable molds with 
smooth surfaces can be made with a graphitic mate- 
rial. Variation of the distribution and size of graphite 
particles can offer a means of obtaining mold surfaces 
even smoother than those obtained in this investiga- 
tion. Shrinkage values have been obtained so that 
proper pattern sizes can be determined when the 
graphitic material is used to make molds. Green 
strength is sufficient to facilitate easy handling of 
molds made from this material. 

The question of mold permeability for titanium cast- 
ing is important because of the capillary action or 
penetration of the molten metal into the interstices 
of the mold. This type of penetration was observed 
at the edges of specimens with the higher permeabil- 
ities (compare Fig. 8 and Table 7). It should be 
emphasized that the edge penetration that was ob- 
served for some of the graphitic specimens was due 
to the severity of the test. The specimens were com- 
pletely surrounded by the cast titanium, and therefore 
hot spots were created at the edges. Hot spots tend to 
accentuate mold penetration. 

The thermal conductivities of the molded material 
listed in Table 6 were calculated for only one tem- 
perature (approximately 1000 F) and represent only 
relative values. In general, it can be stated that if the 
mold has a conductivity of 5.3 or greater (as deter- 
mined in this investigation) the chilling effect of the 
mold wili be sufficient to prevent serious surface con- 
tamination of the titanium. Edge or corner penetration 
might occur if the permeability is too high. 

Figure 9 illustrates that molds can be made which 
closely approach the performance of machined graph- 
ite molds, with respect to extent of surface contami- 
nation of the cast titanium. 

Additional work at Frankford Arsenal has led to 
the establishment of a procedure for making molds 
of complex shapes. The procedure utilizes common 
foundry techniques and equipment. This technique, 
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when used with the graphitic material described in 
this paper, yields molds which are suitable for the 
casting of titanium. The procedure for preparing molcs 
is given in Appendix V. 
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CONCLUSIONS 

1) Suitable expendable graphitic molds can be made 
for casting titanium. 

2) Common foundry techniques and equipment may 
be utilized to fabricate these molds. 

3) The permeability, strength, thermal conductivity, 
surface finish and shrinkage of these molds can 
be varied by controlling water content and mold- 
ing pressure. 

4) Satisfactory molds for casting titanium can be pre- 
pared from a 6 per cent water mixture by using a 
minimum molding pressure of 100 psi. 


APPENDIX I 
CALCULATIONS OF THERMAL CONDUCTIVITY 


4 * —t, 
qa = Ki,A %2—%] 
@ = AD 
Where: 
q2 = rate of heat flow 
= thermal conductivity of machined graphite 
= thermal conductivity of mold material 
= temperature (F) of mold surface in contact with 
aluminum 
= cross-sectional area of specimen (ft)? 
= temperature (F) of machined graphite 1 in. 
from metal-mold interface 
= temperature (F) of carbonaceous mold material 
1 in. from metal-mold interface 
xi = O 
xo = Vo ft 


Assuming that q; = qe then: 


t —t t — 
KiA m 1 — KoA m 


x2 — Xi X2 — X] 
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From the preceeding set of curves it can be seen that after 
seven minutes there is very little change of temperature 
with time. Therefore, a first approximation of the thermal 
conductivity of the graphitic a material can be made by 
employing the steady state conduction heat flow equation 
modified to: 










K = K ' ‘ 
2 = 
t t 


n 2 








Unidirectional heat flow parallel to the cylindrical axis of 
symmetry is encouraged by the insulating characteristics of 
the sand packed around the cylindrical surfaces of the speci- 


men. 








APPENDIX III 
PERMEABILITY OF FIRED SPECIMENS 


Permeability Number® 





Per Cent Water 












Molding Pressure (psi) 
30.7 61.5 123.0 
4 1182 58.0 98.1 
5 131.8 72.0 39.7 
6 106.0 56.5 28.3 
8 74.0 29.3 11.3 
10 59.5 18.1 5.3 


*Average of duplicate tests on each of three specimens. 
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APPENDIX II 
COMPRESSION STRENGTH OF GRAPHITE MOLDS 
Green State 
Stress (psi)® 
Molding Pressure (psi) 
30.7 61.5 123.0 
100 210 365 
120 220 340 
290 490 725 
365 625 830 
420 440 530 
Baked State 
135 270 510 
150 290 450 
335 680 930 
385 790 1555 
560 1060 1760 
Fired State 
380 745 1130 
455 820 1230 
745 1165 1750 
1110 1705 2565 
1235 2040 2685 


10 


* Average of three tests for green and baked and two tests for 


fired state. 





























































APPENDIX IV 
KNOOP HARDNESS (500 G LOAD) VS DISTANCE FROM MOLD-METAL INTERFACE FOR 
SPECIMENS OF VARIOUS MOISTURE CONTENT AND MOLDING PRESSURE 























































* Average of two readings. 


Per Cent Water 4 4 4 5 5 5 6 6 6 

Molding Pressure 30.7 61.5 123.0 30.7 61.5 123.0 30.7 61.5 123.0 

Dist. from Interface Knoop Hardness® (500 g load) 
0.002 inch 560 533 472 465 390 498 521 510 448 
0.004 inch 494 518 470 525 420 460 502 499 453 
0.006 inch 512 490 420 538 435 463 502 485 463 
0.008 inch 510 499 453 510 390 497 454 418 438 
0.010 inch 518 469 418 499 431 467 390 396 373 
0.012 inch 480 441] 374 405 408 403 444 386 352 
0.014 inch 425 333 363 415 382 351 405 373 370 
0.018 inch 360 344 340 402 324 367 335 326 347 
0.022 inch 309 293 318 405 299 336 297 324 318 
0.026 inch 275 313 293 315 323 298 305 324 285 
0.030 inch 238 236 263 275 266 254 245 285 232 
0.034 inch 2292 201 245 320 274 236 251 260 235 
0.038 inch 221 225 218 291 248 218 243 247 222 
0.042 inch 222 245 193 291 238 196 170 210 224 
0.046 inch —-— 243 190 245 221 193 170 219 223 
0.250 inch 221 210 160 242 = 205 198 193 190 
0.500 inch —_— — —— 245 235 —— 174 195 205 





















































Per Cent Water 8 8 8 10 10 10 
Molding Pressure 7 61.5 123.0 30.7 61.5 123.0 Machined Graphite 
Dist. from Interface Knoop Hardness (500 g load) 
0.002 inch 570 530 433 465 512 538 285 313 281 
0.004 inch 494 506 458 422 547 506 295 378 305 
0.006 inch 494 480 451 454 510 430 287 373 295 
0.008 iach 469 469 428 490 454 465 281 291 309 
0.010 inch 375 448 367 451 494 378 288 301 311 
0.012 inch 370 418 362 428 384 339 250 293 256 
0.014 inch 305 398 375 378 353 367 263 281 238 
0.018 inch 305 386 299 303 248 330 250 289 218 
0.022 inch 270 346 279 318 299 283 266 248 192 
0.026 inch 247 339 277 253 266 318 209 238 
0.030 inch 235 309 303 244 309 245 240 230 
0.034. inch 188 291 234 248 243 209 228 233 
0.038 inch 156 251 219 207 268 210 233 238 
0.042 inch 142 243 211 219 251 188 215 235 
0.046 inch 135 233 198 210 258 185 --— 222 
0.250 inch 185 202 204 190 250 180 180 224 
0.500 inch oe —— 230 a 234 220 -— 248 
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APPENDIX V 
PROCEDURE FOR ee RAMABLE GRAPHITIC 


1) Weigh out the constituents shown in Table 2 in 
the proper proportions. 

2) Mull the dry constituents for approximately 30 sec- 
onds in a clean sand-type muller. 

3) Mix the carbonaceous cement, surface activating 
agent and sufficient water in a separate vessel. 
From this investigation it has been found that 6 
per cent water is optimum. 

4) Add the mixture of the cement, surface activating 
agent, and water to the dry constituents and mull 
the entire mixture approximately three minutes. 

5) Coat the pattern and inside of the flask with a 
suitable parting agent, such as a silicone spray. 

6) Pack the graphitic mold material around the pat- 
tern by conventional hand ramming techniques 
until the flask is full. 

7) The finish molding operation should be accom- 
plished by jolting and squeezing. A minimum pres- 
sure of 100 psi should be applied to the mold 
during the squeezing operation. 

8) Remove the pattern and the flask. Then dry, bake 
and fire the mold using the procedure outlined 
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in this report. Accelerated drying from the green 
state will rupture the mold. 


Note: 

1. Excessive quantities of the mold material should 
not be mulled up at one time since the material 
sets up and becomes difficult to work. Set-up 
time for a 6 per cent water mix is approximately 
one hour. 

. Gates and risers can be cut into the mold easily 
after the baking process. 
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SOME REQUIREMENTS FOR SUCCESSFUL 
FLUIDITY TESTING 


By 


S. A. Prussin* and G. R. Fitterer** 


ABSTRACT 


The major limitation to the use of fluidity testing as 
a means of controlling metal quality in the foundry has 
been the lack of reliability of the results. This investi- 
gation has uncovered two sources for this. One is the 
variation in the velocity of the stream of molten metal 
as it enters the flow channel of the fluidity mold. A 
new fluidity tester (fluidimeter), designed to insure re- 
producible metal flow, is described. 

The second cause of variability lies in the mechanism 
of flow cessation of the fluidity test. Means of improving 
the reliability of the test by adjusting the physical di- 
mensions of the test mold are discussed. 

Techniques to determine the actual rate of flow of 
the molten metal stream within the fluidity test mold 
were developed. This data gives further insight into the 
mechanism of the fluidity test. 


INTRODUCTION 


Attempts to devise a method of measuring the abil- 
ity of molten metal to fill a mold were made as early 
as 1898.1 The development, however, of the modern 
design which measures the fluidity of molten metal 
by the length of the runner cast under fixed condi- 
tions in a closed channel of constant cross sectional 
area did not evolve until two decades later. In Japan,” 
France* and Germany,‘ within the space of a few 
years, investigations were undertaken using such 
molds. This basic design, with various modifications, 
has been retained to the present. A. I. Krynitsky’s® 
comprehensive review is recommended to those inter- 
ested in the development of fluidimeter design. 

The property of fluidity, as expressed directly by 
some of the previous investigators, is implicit in all 
these fluidimeter designs. Molten metal under a given 
pressure, produced either by its own static pressure, 


*Research Metallurgist, Pacific Semiconductors, Inc., Culver 
City, Calif. Submitted to the Department of Metallurgical En- 
gineering, University of Pittsburgh, in partial fulfillment of the 
requirements for the degree Doctor of Philosophy. 


°*Dean, School of Engineering, University of Pittsburgh. 
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the inertia of pouring, or a combination of these, is 
caused to flow down a closed channel of constant 
cross section. This channel, which may be straight 
or spiral, lies in the horizontal plane. As the metal 
stream flows down the channel, it is continuously 
cooled until stopped by the obstruction of solidified 
metal. The fluidity of the molten metal is given by 
the length of the rod cast in the specific test mold 
being used. 

Many investigators have listed the variables impor- 
tant in determining the fluidity length for molten . 
metals. Although there is disagreement as to their 
relative importance, all variables fall into three groups. 
First are the variables of the metal, such as oxide 
films, pouring temperature, and composition. Second 
are the variables of the test mold, including the 
shape and cross sectional area of the flow channel, 
the mold material and the gating arrangement. Third 
is the variable of the human element, consisting pri- 
marily of the effect on fluidity of the manner in 
which the molten metal is poured into the test mold. 

For a successful plant fluidimeter, the variable 
of the human element must be effectively eliminated. 
This was successfully accomplished by the reservoir 
fluidimeter design developed by the author. Further 
investigation showed that, for duplicate metal and 
mold conditions, differences in metal fluidity length 
could still be obtained. These are attributed to the 
mechanism of freezing of the fluidity rod and means 
to reduce these variations even further are indicated. 


INITIAL INVESTIGATION 


The many available fluidimeter designs led the 
author to begin this study with an Acid Open Hearth 
Research Association slag fluidimeter, Fig. 1. This 
design had been found to give consistent results by 
different operators for an entire series of mills*. It 
was, in addition, quite similar in design to the Ruff 
metal fluidimeter, which was the source of an exten- 
sive theoretical study’. 
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Fig. 1—Acid Open Hearth Research Association slag fluidimeter. 


Duplicate tests were performed with identical A.O.- 
H.R.A. fluidimeter molds on the same acid steel heat 
in the interval between blocking and tapping. These 
showed a much greater variation than had similar 
tests performed for slag with the same mold. 

Possible differences in the mechanism of flow be- 
tween slag and metal were investigated in the follow- 
ing experiment. The A.O.H.R.A. fluidity mold halves 
were shimmed with strips of sheet metal, 0.010 in. 
thick, so that the light given off by the incandescent 
metal stream could be seen through the vertical split. 
The movement of the stream was recorded by a hand 
wound movie camera, mounted vertically above the 
mold and focused on the split. A series of metal fluid- 
ity tests were poured by the same operator who 
attempted to pour each test identically. 

The developed film was viewed frame by frame 
on the large viewing glass of a microprojector, and 
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Fig. 2—Flow curves obtained for steel with the A.O.H.R.A. 
fluidimeter. 


Fluidity Testing 


the length of the stream of white hot metal was 
measured. An identical experiment was also performed 
for slag. Eight representative metal fluidity flow curves 
are shown in Fig. 2. 

The results of this preliminary study may be sum- 
marized as follows: 

1) The duration of metal fluidity flow was about 
3/4 of a second for this fluidimeter. 

2) There was no consistent pattern of flow. 

3) The maximum velocity during flow correspond- 
ed to less than 1.35 in. of head on the basis of the 
relation V? = 2gH, while the nominal metallostatic 
head was 3.5 in. 

4) While the metal stream completed its flow in 
less than a second, motion was still discernable in 
the slag stream after twenty seconds of flow. 

The two conclusions drawn from this preliminary 
investigation were: 

1) The mechanism of flow of molten metal through 
a fluidity mold is radically different from that of slag. 

2) The rate of metal flow through a fluidimeter is 
so rapid that any design which allowed metal to 
run into the flow channel while the operator was 
filling the pouring cup would result in magnifying 
the human variable in fluidity testing. 

Among the multitude of metal fluidimeter designs 
proposed in the past three decades, a few have satis- 
fied the criterion that the pouring cup be completely 
full before flow down the flow channel began. To 
the author’s knowledge, no plant fluidimeters in pres- 
ent use satisfy this criterion. 


FUNDAMENTAL DESIGN OF FLUIDIMETERS 


The fluidimeter mold can be considered to consist 
of two parts, each with a separate and distinct func- 
tion. One part is designated as the head, the other 
as the flow channel. The function of the head is to 
deliver molten metal to the flow channel under a 
fixed pressure and to maintain this pressure during 
the course of metal flow. The flow channel of con- 
stant cross section extracts heat from the flowing 
metal stream, finally bringing it to rest by causing 
solidification across its cross section. 

Control of the human variable would appear to 
depend on head design. For a head to deliver molten 
metal at constant pressure it would have to satisfy 
the criterion of flow only under full static head. Three 
possible fluidimeter designs which satisfy this criterion 
were investigated with respect to their use for plant 
work. These designs were: 

1) Fusible plug fluidimeter. 

2) Stopper rod fluidimeter. 

3) Reservoir fluidimeter. 


Fusible Plug Fluidimeter 


Portevin and Bastien* used a lead cap to retard 
flow from the head to the flow channel in their in- 
vestigation of the fluidity of low melting non-ferrous 
alloys. To avoid the problems of contamination, sheet 
metal cups of approximately the same composition as 
the metal being tested were forced into an A.O.H.R.A. 
mold at point A, Fig. 1. Identical results were ex- 
perienced with both molten steel and aluminum. Start- 
ing with thin gage sheet, it was found that the molten 
metal passed from the head to the flow channel 
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without any measurable retardation. As the thickness 
of the cups was increased, there was no increase in 
retardation until a critical sheet thickness was reached. 
For this and greater sheet thicknesses, no flow oc- 
curred at all, the molten metal solidifying in the head. 
To reduce the rate of heat transfer from the molten 
metal to the metal cups, these were coated with non- 
reactive inorganic salts. This proved ineffective 


Stopper Rod Fluidimeter 


Retardation of flow can be simply obtained if the 
opening from the head to the flow channel is closed 
by a stopper rod. The rod can then be lifted to re- 
lease the molten metal when the head well is full. 
Such a design was used by Saito and Hayashi* for 
brass, bronze, lead and aluminum and by Halliwell® 
for brass. In both cases, the investigators used a pre- 
heated stopper rod. 

Tests carried out on molten aluminum with an 
A.O.H.R.A. mold converted to a stopper rod fluidime- 
ter verified the necessity of preheating the stopper 
rod. Otherwise solidification occurred on the cold 
stopper rod, as metal was poured into the head well. 
The necessity of preheating the stopper rod and the 
difficulty of finding a design that might be easily 
and safely operated led to the abandonment of this 
fundamental design for plant work. 


Reservoir Fluidimeter 


The criterion of a satisfactory mold can be met if 
the fluidimeter design includes a reservoir which con- 
nects the pouring head to the flow channel, Fig. 3. 

As the liquid metal is poured into the head well 
A, some of it runs out of the orifice tube B into the 
reservoir C. Before flow can begin down the flow 
channel D, the reservoir must be filled. For any 
specified rate of pour into the head well and for a 
given size orifice, it is possible to calculate the volume 
of a reservoir that will just be filled as the molten 
metal reaches the top of the head well. Flow would 
then take place under the static pressure correspond- 
ing to a full head well. 

For a rate of pour greater than that snecified, the 
head well will be filled before the reservoir, and 
flow under full static head can be obtained by then 
keeping the head well full. Thus, on the basis of a 
minimum rate of pour, a successful reservoir fluidi- 
meter may be designed. The requirements for the 
operator are simply that he fill the head well rapidly 
and then keep it full. One practical limitation in the 
design of a plant fluidimeter is the amount of molten 
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Fig. 3—Reservoir flu- 
idimeter design. 
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metal which a standard spoon will hold. Another is 
the lowest rate above which an operator can be 
safely expected to pour the metal into the fluidimeter. 
In the appendix, calculations of the combinations of 
static head, channel cross sectional area, reservoir 
volume, and orifice diameter consistent with these 
two limitations are illustrated. 


LABORATORY INVESTIGATION 


Flow curves for a reservoir fluidimeter were ob- 
tained under the more carefully controlled conditions 
available in the laboratory. These were compared to 
flow curves obtained from a stopper rod fluidimeter 
which unquestionably satisfied the criterion of flow un- 
der a full head. 

Both fluidimeters used the same flow channels. The 


Fig. 4—Laboratory 


.stopper rod fluidimet- 


er head (cross section). 


Fig. 5—Reservoir fluid- 
imeter head (cross sec- 
tion). 


heads, Figs. 4 and 5, were constructed from porous 
refractory brick and internally coated with alumina 
cement. The orifices and connections to the flow 
channel were made from ceramic tubes. The flow 
channel was formed by two steel bars, ground fiat, 
and milled down their length with a semicircular 
cutter. The bars were pinned together to form a cir- 
cular flow channel; and slipped over the exit tube 
of the head. Clamps were used to hold the flow 
channel horizontal. Two sets of flow channel bars 
are shown in Fig. 6. 

The metal used in the laboratory investigations, 





Fig. 6—Two sets of flow channel bars. 


electrolytically refined zinc, was chosen for its ease 
of use with the available melting equipment. Since 
zinc is not incandescent in its liquid state, as was 
steel, its flow behavior was measured by its ability 
to block light rather than give it off. This light was 
provided by a fluorescent lighting tube. The two 
pinned bars forming the flow channel were separated 
by a gap of 0.010 in. through the use of shims at 
both ends. A precision electrically driven movie cam- 
era was focused through this gap on the fluorescent 
lighting tube beneath. At a speed of 4000 frames per 
minute it was possible to record the laboratory runs 
adequately. 

The developed film was examined frame by frame 
on a microprojector and the length of the illuminated 
flow channel was measured. Figure 7 is an enlarged 
print of a single 16 mm frame taken before flow began. 
The empty, but illuminated, flow channel appears as 
a horizontal line, broken by the presence of three 


pins. As flow occurs, the length of this line decreases 


Fig. 7—Single frame of film taken of flow channel, enlarged. 
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Fig. 8—Typical fluidity flow curves obtained with laboratory 
stopper rod and reservoir fluidimeters. 


from frame to frame, the decrease being equal to 
the length of flow of metal in the channel. The sur- 
face tension of the molten zinc was sufficient to 
prevent the escape of metal through the 0.010 inch 
gap. In fact, for very few of the tests run was any 
flash formed. 

Figure 8 illustrates the fluidity flow curves obtained 
by this technique. The curves marked A and B were 
obtained with stopper rod fluidimeters, A with a metal- 
lostatic head of 3.5 in. and B with one of 2.5 in. Curve 
C was obtained with a reservoir fluidimeter with a 
metallostatic head of 2.25 in. For all three runs, a 
metal temperature of 990 F (532 C) and a 3/16-in. 
flow channel were used. 

The shorter fluidity run for the reservoir mold was 
due not only to the lower initial flow channel velocity 
but also to the loss of some of its heat content to 
the ceramic head before reaching the flow channel. 
While the molten metal was poured into the reservoir 
mold at 990 F (532 C) that for the stopper rod fluidi- 
meter was poured into the head well 150 F (83 C) 
higher. Then when the thermocouple, Fig. 4, regis- 
tered 990 F (582 C), the stopper rod was lifted and 
flow began at this temperature. 





REPRODUCIBILITY OF THE FLUIDITY TEST 


It is the author’s belief, based on limited contact 
with plant personnel, that the normal variability of 
the plant fluidimeter was its severest limitation. The 
large number of available fluidimeter designs also ap- 
pear to reflect the attempts to reduce this variability 
in fluidity results. 
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Fig.9—The effect of temperature on the fluidity of molten zinc 
as determined by a stopper rod fluidimeter with a 2-1/2-in. 
static head and a 3/16-in. diameter split bar flow channel. 


The laboratory stopper rod technique, providing 
an accurate control of both metal temperature and 
metal velocity at the entrance to the flow channel 
appeared to be an excellent means to determine 
whether such variations were intrinsic in the very 
mechanism of fluidity testing or were simply due to 
testing variables. Table 1 contains the results of ten 
fluidity tests while Fig. 9 is a plot of part of this data. 
It was apparent that the variations in initial metal 
velocity have not caused the considerable scatter 
shown in Fig. 9. Test R-3 for example, had a shorter 


fluidity length than test R-2 even though its initial 
velocity was greater, the temperature being identical 
for both runs. It thus appeared that fluidity variabil- 
ity was affected by at least one factor other than 
the human element. 


MECHANISMS OF FLOW CESSATION 


From the fluidity flow curves in Fig. 8, it can be 
seen that the molten metal flows down the flow chan- 
nel at a constant velocity for a given distance and 
then begins a progressive deceleration that can be 
explained only as the beginning of solidification. 

It has been suggested by Portevin and Bastien’’ 
that such solidification occurs by the precipitation of 
a fine shower of crystals within the metal stream and 
that this precipitation progressively slows down the 
stream by increasing the effective viscosity. Lips and 
Nipper" carried out an investigation on the effect 
of particles of different sizes and shapes in a liquid 
on its viscosity. In addition, they studied the fluidity 
of an aqueous solution of potassium nitrate in a glass 
tube flow channel and showed that solidification of 
this liquid occurred by fine particle precipitation. 
They found that the resulting increased viscosity 
brought the stream to rest when only a fraction of 
the liquid had solidified. 

This mechanism is rejected for metals for the fol- 
lowing reasons: 

1) As Desch’* pointed out, the formation of fine 
precipitates occurs only for materials which can un- 
dergo severe undercooling, which is not true for met- 
als. 
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TABLE 1— CHARACTERISTICS OF TEN FLUIDITY 
TESTS 





Stopper Rod Fluidimeter, 2-¥% in. Static Head, *4¢-in. 
Diameter Flow Channel 


Casting Length of Flow 
Temp. F (C) in. 
820 (438) 7-e 
905 (485) 9-lhe 
905 (485) 3-54 
905 (485) 9-Ae 
905 (485) 8-1Ke6 
947 (497) 9-3 
990 (532) 10-%e 
990 (532) 10-5 
990 (532) 9-%e 
990 (532) 8-% 


Test Initial Flow Velocity 
No. in./sec. 
R—1 21.95 
R-2 20.55 
R-3 23.55 
R—4 24.20 
R—5 24.25 
R-6 24.50 
R-—7 21.60 
R-8 24.65 
R-9 22.95 
R—10 20.00 





2) The high rate of cooling of the molten metal and 
the accompanying steep temperature gradient would 
favor solidification at the flow channel surfaces. 

3) Examination of the cross section of the cast 
fluidity rod shows a columnar structure with the col- 
umnar grains originating at the flow channel surface. 

The author suggests that solidification begins in 
the coldest part of the metal stream, the foremost 
portion or nose, and at the flow channel surface. Once 
a layer has been deposited, the nose of the stream 
deposits layers of increasing thickness as it flows along. 
This would be expected because solidification ob- 
structs the stream flow and increases the time that 
the nose of the stream is in contact with any unit 
of flow channel wall area. Finally the layer reaches 
a thickness equal to the radius of the flow channel, 
and all flow ceases. Let this be mechanism No. 1 
or tip layer formation. 

While the metal stream is flowing, it is also possible 
for the already formed layer at a distance behind 
the nose of the stream to grow in thickness. Possibly 
such a layer might grow more rapidly than the con- 
tinually formed layer at the moving nose of the fluid- 
ity stream and thus bring the stream to rest by 
branching across the flow channel and totally ob- 
structing metal flow. Let this be mechanism No. 2 or 
intra-stream growth. 

A simple criterion determines which one of these 
two mechanisms brought the stream to rest. This 
is a presence of shrinkage cavities in or near the 
nose of the fluidity rod casting. With mechanism No. 
2 prevailing, flow is completely obstructed some dis- 
tance behind the nose. Solidification extending length- 
wise from this point retracts some of the still liquid 
metal before it to compensate for its shrinkage. 

Figure 10A is the cross section of the end of a fluid- 
ity rod cast in a 3/16-in. split bar flow channel. The 
shrinkage cavity, also found in the other zinc fluidity 
rods cast in split-bar flow channels, shows that mech- 
anism No. 2 prevailed for these fluidity test runs. 
While mechanism No. 1 would be expected to repro- 
duce fluidity lengths for identical casting conditions, 
mechanism No. 2, by its very nature, would introduce 
an element of variability in the results. The area 
where bridging occurs and the rate of such bridging 
depends upon the random orientation of the metal 
crystals in the first deposit. 
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Mechanism Control 


In more familiar terms, dominance by mechanism 
No. 1 corresponds to a condition of directional solidi- 
fication from the nose of the fluidity rod back. The 
variability of results will therefore be reduced by 
factors promoting directional solidification. These fac- 
tors increase the temperature gradients established 
along the length of the fluidity rod. Lower flow veloc- 
ity of the metal as well as greater heat conductivity, 
and lower heat content of the mold material, all 
contribute to directional solidification. The steepness 
of the temperature gradient along the length of cast 
rod also promotes dominance by mechanism No. 1. 

Taking steps to produce a sound fluidity rod casting 
will thus also reduce the scatter found in fluidity 
results. This is illustrated in Fig. 10. Figure 10B is 
the cross section of the fluidity rod tip obtained with 
the use of a 3/16-in. I.D. copper tube for a flow 
channel. The greatly reduced shrinkage cavity at the 
tip shows that while mechanism No. 1 didn’t fully 
dominate, flow was not cut off until the tip layer 
had almost filled the flow channel cross section. Figure 
11, containing a plot of temperature vs fluidity length 
for the copper tube flew channel, shows a distinct 
improvement in reproducibility over the correlation 
obtained in Fig. 9. This improvement corresponds to 
the steeper temperature gradient obtained. The great- 
er heat conductivity of copper chilled the reforming 
tip of the flowing stream, while the thin tube wall, 
quickly heated, reduced the heat absorption from the 
stream behind the tip. 


Fig. 10—Cross sections of zinc fluidity rod tips. 
A-(top) Obtained in 3/16-in. split bar flow channel. 
B-(bottom) Obtained in 3/16-in. I.D. copper tube flow channel. 


From foundry experience we know that other fac- 
tors influence temperature gradients. We would 
expect a larger diameter of flow channel to give a 
less favorable temperature gradient for the dominance 
of mechanism No. 1. With a 1/4-in. diameter channel, 
the shrinkage was indeed much more extensive than 
for 3/16-in. The drastic effect of freezing tempera- 
tures on favorable gradients was corroborated. Using 
a reservoir fluidimeter head with a 3/16-in. flow 
channel, tests were made with molten steel and lead. 
The lead fluidity rod exhibited a very extensive pipe 
while the cast steel rod appeared to be completely 
sound. 
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Fig. 11—The effect of temperature on the fluidity of molten 
zine as determined by a reservoir fluidimeter with a 2-1/4-in. 
static head and a 3/16-in. I.D. copper tube flow channel. 


While it would be expected that stream velocities 
would play a role in affecting the temperature gradi- 
ents, a variation in the hydrostatic head from 1-1/2 
to 3-1/2 in. did not produce a noticeable difference 
in the shrinkage cavities obtained. 


CONCLUSIONS 

1) The duration of the fluidity test is less than a 
second, making it impossible for a commercially gated 
mold to be independent of the human variable. 

2) The use of a reservoir fluidimeter design permits 
fluidity rods to be cast under constant and reproduc- 
ible metallostatic pressure. 

3) The variation in fluidity length under identical 
metal and mold conditions was attributed to the dom- 
inance of one of two possible mechanisms of flow 
cessation. 

4) There are two regions in the flow-time curve of 
the fluidity test for a pure metal, an initial constant 
velocity region probably corresponding to flow while 
the metal stream is completely liquid, and the final 
decelerating region during which solidification is oc- 
curring. 


DISCUSSION 


This investigation was intended to examine the 
design requirements for a successful plant fluidity 
tester. Although the performance of a fluidity tester 
was not studied under actual plant conditions, it would 
appear that the results are significant for such use. 

The reservoir fluidity tester has been shown to 
deliver molten metal under a full static head (Fig. 
8). It also gives fairly reproducible results (Fig. 11) 
even without the complete dominance of flow cessa- 
tion by tip layer formation. This design was there- 
fore recommended for plant use. 

The use of firebrick is not recommended. for the 
construction of fluidity tester heads. This material was 
used solely because of the lack of regular core making 
facilities. Green sand is also not recommended as it 
would magnify the heat loss while the reservoir head 
is being filled with molten metal. Subsequently, such 
heads were successfully produced from baked sand 
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as well as by the newer carbon dioxide process. Ceram- 
ic tube inserts were used here as in the firebrick con- 
struction. 

One requirement of fluidity tester construction is 
that the flow channel be dimensionally reproducible. 
This can be accomplished by the use of both sand 
and metal molds. Use of pinned metal bars permits 
an accurately machined flow channel to be used over 
and over again. However, unless the flow channel is 
permitted to cool back to room temperature each 
time, the new uncontrolled variable of mold temper- 
ature will be introduced into the fluidity measure- 
ments. Thus it will be necessary to have a number 
of such metal bar flow channels available if frequent 
fluidity tests are to be made. 

A second requirement of flow channel material is 
that it aid in the dominance of flow cessation by 
tip layer formation. For molten steel, both pinned 
metal bars and baked sand cores served as successful 
flow channel materials in this regard. For the lower 
melting non-ferrous metals, it is doubtful whether a 
sand flow channel will produce a steep enough tem- 
perature gradient along the fluidity rod length to 
insure flow cessation by tip layer formation. 

The design requirements for a metal pinned bar 
flow channel are simple. Because of the quickness 
of the fluidity test as compared to the rate of heat 
conduction, wall thickness does not appear to be a 
variable, provided it is equal to or greater than the 
flow channel radius. 

The use of thin walled tubing as an expendable 
flow channel for plant testing is possible but is prob- 
ably less desirable because greater care is required 
in handling such an assembly. For some of the lower 
melting metals, however, it may be necessary to use 
tubing to obtain reproducible results. 
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APPENDIX 


CALCULATION OF THE DIMENSIONS OF 
A PLANT RESERVOIR FLUIDIMETER 

The fixed quantities which determine the design of 
the reservoir fluidimeter are W, the volume of molten 
metal that can be conveniently used for a single test 
and Q, the rate above which an operator can be 
safely expected to pour the molten metal into the 
fluidimeter. With these two quantities we can calcu- 
late the combinations of fluidimeter dimensions which 
will insure reproducible initial flow channel velocities. 

This calculation will be illustrated for a cylindrical 
head well. Similar calculations for conical head wells 
are also available'*. The critical dimensions affecting 
fluidimeter performance are the depth of the head 
well, H, the cross sectional area of the well, A, and 
the size of the orifice connecting the head well with 
the reservoir, “a”. The other dimensions are related by 
these three. The reservoir volume is simply the dif- 
ference between W and the head well volume, AH. 
The flow channel cross section should be kept to a 
value below “a” to insure fluidity flow under constant 
full head. 

As molten metal is poured into the head well at a 
rate of Q cubic inches per second, some of it runs 
out of the orifice into the reservoir. This rate of efflux 
is governed by the instantaneous height, h, of metal 
in the head well. 


Rate of efflux = ca \/2gH 
where c = coefficient of discharge and is 
less than unity 
and g = gravitational constant 


Since the rate of metal influx is equal to the rate 
of efflux plus the rate of accumulation of metal in 
the head, we have: 


Q = ca v3gh + AD (1) 


Applying the boundary condition that h = o when 
the t = 0, we can determine t for h = H by integrat- 
ing over the interval t = o tot =t 


t 3 Adh 
ee ba-—See (2) 
- J Quca Vgh 
Oo 
+= 72AH _2Q AH | a (3) 
ca /2gH (ca \/2gH)? In (l—ca /2gH) 
Q 





Solving for AH, we obtain: 


ten —t(ca y2gH)? 
2[ca V2gH + Qn (I—ca y2gH)}] (4) 
Q 








time in seconds to fill the head well 
rate of pour in in.*/sec. 
gravitational constant = 386.4 in./sec.* 
depth of head well in inches. 
cross sectional area of head well in in.” 
cross sectional area of orifice in in.” 

c coefficient of discharge, dimensionless 
and AH = volume of the well in in.? 

Introducing the volume of the pouring spoon, W,, in.’, 
we note that t = W/Q. By substituting the symbol v 
for the expression ca Vexrl we can reduce the expres- 
sion for AH as follows: 


© > mo 7 
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QLv + Qin(I—v)] ©) 
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AH 


By definition, vy = maximum rate efflux from the head 
well into the reservoir, ie. when the head well is 
filled. Thus it is limited to values between o and Q, 
the rate of influx. 

For a particular steel foundry, values of W equal 
to 8 in.’ and Q equal to 2 in.*/sec. were obtained. 
When these are substituted into equation (5) we 
obtain: 
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AH = 7+2In (1-¥) 


For any assumed value of v, we can calculate the 
corresponding value of AH. The value of v is deter- 
mined from conditions of head well depth and flow 
channel cross section which will insure flow cessation 
by tip layer formation. (The orifice cross section must 
be greater than that of the flow channel). 

Because the kinematic viscosity of molten metals is 
somewhat less than that of water, we may safely use 
standard hydraulic values for the coefficient of dis- 
charge. Examples™ of values of “c” are 0.85 for 3/8- 
in. diameter orifices and 0.87 for 1/4-in. ones. Assum- 
ing a value of unity for “c” will simply give a greater 
factor of safety in the calculations. 

The substitution of the chosen value of v into equa- 
tion (6) yields a corresponding value of AH, which 
in turn yields A, the cross sectional area of the head 
well and W-AH, the necessary reservoir volume. 





A STUDY OF THE FERRITIZATION OF NODULAR IRON 


By 


Earl J. Eckel* 


ABSTRACT 

Nodular irons of two compositions were subjected to 
four different types of ferritizing heat treatment: (1) slow 
cooling through eutectoid range, (2) quenching to and 
holding at temperatures below and above the 
critical temperature for isothermal transformation, (3) 
reheating of pearlitic structures to various temperatures 
ranging from below to above the critical temperature, 
and (4) tempering of martensitic structures. The results 
of the treatments were compared on the basis of rate 
of response, tensile and impact properties of the treated 
specimens, and quantitative metallography. 


INTRODUCTION 


The attainment of maximum ductility in nodular 
iron usually requires the application of some heat 
treatment to promote decomposition of carbides pres- 
ent in the as-cast state. A survey of the literature 
reveals the existence of numerous recommendations 
and practices for carrying out the necessary heat treat- 
ment. This investigation was initiated to make a study 
of the various possible methods of annealing in order 
to evaluate them with regard to efficiency and prac- 
ticability; and also with respect to the properties of 
the resulting products. 

The responsiveness of nodular iron largely centers 
around the metastability of cementite. Cementite at 
elevated temperatures will decompose to graphite and 
ferrite and/or austenite depending on the composition 
and temperature of the iron. The greater solubility of 
the metastable phase as compared to the stable phase 
in the matrix, which in this particular case is either 
ferrite or austenite or both, results in a composition 
gradient in the matrix and thus makes the necessary 
diffusion possible. 

The various heat treatments that will produce a 
microstructure consisting of graphite in a matrix of 
ferrite may be classified into the four types that are 
diagrammatically illustrated in Fig. 1. All treatments 
shown involve as a first step, austenitizing at a rela- 
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tively high temperature to attain austenite and graph- 
ite. As the decomposition rate of cementite is greatly 
increased by an increase in temperature, the holding 
time should be sufficient to eliminate any residual 
cementite that may exist after the austenitizing tem- 
perature is reached. The time and temperature will 
therefore be dependent on both the composition and 
cooling rate of the casting in the mold. In cases 
where free cementite is absent or occurs in small 
amounts, it may be considered uneconomical to include 
the high temperature treatment. 

Type A treatment involves cooling at a sufficiently 
slow rate so that the decrease in the solubility of 
carbon in the metal matrix with a decrease in tem- 





TYPE A 
1600-1800 °F CEMENTITE —= GRAPHITE + AUSTENITE 


TiME ——~ 


—=—— SLOW COOL 
1350-15SSO°F. EUTECTOID RANGE 
AUSTENITE ——= FERRITE + GRAPHITE 


TEMPERATURE —> 





TYPE B 
1600-1800 “F, CEMENTITE —~ GRAPHITE + AUSTENITE 


TIME ——~ 


——— COOL AT CONVENIENT RATE 


1350-1550 °F EUTECTOID RANGE 


™ AUSTENITE FERRITE + GRAPHITE 


PEARLITE 


TEMPERATURE —= 





TYPE Cc 
1600-1800 °F, CEMENTITE ——= GRAPHITE + AUSTENITE 
—_— AIR COOL 
1350-1550 °F, EUTECTOID RANGE 
PEARLITE —~ FERRITE + GRAPHITE 


TEMPERATURE —= 


“~~ AUSTENITE ——=~ PEARLITE 





TYPE 0 
1600-I800°F, CEMENTITE -—=— GRAPHITE + AUSTENITE 


——— OIL OR WATER QUENCH 


t 1350-1550 °F, EUTECTOID RANGE 


TIME ——— 


| 


TEMPERATURE—~ 











MARTENSITE —= CEMENTITE ——> FERRITE 
+ FERRITE + GRAPHITE 
: AUSTENITE ——> MARTENSITE 





Fig. 1 — Various types of ferritizing treatments. 
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perature will result in the formation of additional 
graphite rather than cementite. 

Type B treatment consists of cooling at any con- 
venient rate from the austenitization temperature to a 
temperature below the critical range and then allow- 
ing sufficient time for conversion of the austenite to 
ferrite and graphite. It would be expected that some 
of the austenite would decompose directly to ferrite 
and graphite while another part would form pearlite 
first which would subsequently decompose. 

Type C treatment differs from Type B in that the 
metal is cooled from the austenitizing temperature to 
a temperature, or over a temperature range, so as to 
transform the austenite to pearlite (or to pearlite plus 
ferrite and graphite) and then is reheated to a higher 
temperature for decomposition of the cementite in 
the pearlite. Thus, in this treatment, transformation 
of austenite and ferritization are carried out at dif- 
ferent temperatures rather than at a single tempera- 
ture as in Type B treatment. 

Type D treatment, while representing a way of 
achieving a ferrite-graphite microstructure, has not, 
insofar as the author knows, been recommended for 
producing a high ductility nodular iron. It was felt 
however that for completeness this treatment should 
be included. As indicated, a quench from the austeni- 
tization temperature develops a martensitic matrix 
which is then decomposed at a temperature below 
the eutectoid range to form ferrite and graphite. Data 
have already been reported! to show that martensite 
during decomposition not only gives a fine dispersion 
of carbides but also may produce additional graphite 
particles, in contrast to Type A, B, and C treatments 
in which graphitization involves a growth of the 
nodules present prior to the heat treatment. 


Comparing Heat Treatments 


With the exception of the obvious requirement 
that for maximum ductility the ferritized nodular iron 
should be free of cementite, there is little in the lit- 
erature regarding either the comparative economics 
of treatments or the relative effects of the type of 
treatment on the final properties. 

Several investigators”*+ state that controlled cool- 
ing from over the critical range results in the shortest 
overall annealing time for a ferritic matrix. This meth- 
od is also the simplest if large batches of castings 
are treated and the furnace has a natural cooling cycle 
of less than 35 F (19 C) per hour.® 

It is also claimed*’ that better impact ductility is 
obtained with a two stage anneal (Type B) rather 
than with a single stage process (Type C with no 
prior high temperature treatment ). 

There are indications'* that the presence of sec- 
ondary graphite which may be encountered in Type 
D treatment is detrimental to both elongation and 
impact ductility. 

Inasmuch as most of the reported investigations 
have dealt with either one or two types of heat treat- 
ment, it is difficult to make an overall comparison of 
the four types of heat treatment because of the 
effect of composition and as-cast structure on the re- 
sponse to heat treatment. In line with this viewpoint 
this investigation was undertaken to study the re- 
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sponse of two different nodular irons to the various 
types of heat treatment. 


MATERIALS 


The two nodular irons used in the investigation 
were obtained from different sources—one as a gift 
from the International Harvester Company and the 
other purchased from Jamestown Malleable Iron Com- 
pany. Both irons were received as l-in. Y-blocks 
and had the chemical compositions listed in Table 1. 

The letters “B” and “E” as indicated in Table 1 will 
be used throughout the paper to designate the two 
irons. 


TABLE 1 — CHEMICAL COMPOSITION OF NODULAR 
IRONS USED IN THE INVESTIGATION 


(From Jamestown Malleable Corp.) 
T.C.,% 3.62 Ni,% 
Si,% 2.42—2.59 Cu,% 
S,% 0.015 Cr,% 
P,% 0.06 Mg,% 
Mn,% 0.4 





“B” Iron 


0.07—0.075 


(From International Harvester Co.) 
T.C.,% 3.65 Ni,% 
Si,% 2.83 Cu,% 
S,% 0.010 Cr,% 
P,% 0.045 Mo,% 
Mn,% 0.30 Mg,% 


“E” Tron 





The difference in the nickel content of the two 
irons is a result of the addition agents employed for 
adding the necessary magnesium. A nickel-magnesium 
alloy was used for the “B” iron while the addition 
was made to “E” iron in the form of an iron-silicon- 
magnesium alloy. As might be expected, the higher 
silicon and lower nickel content of the “E” iron gives 
this material more rapid response to the ferritization 
heat treatments. 

In order to minimize the effect of the as-cast struc- 
ture on the test results, the tensile and impact speci- 





























Fig. 2 — Location of specimens in Y-block 


mens were taken from the locations “m” and “b” 
shown in Fig. 2. Specimens for determination of reac- 
tion rates that were needed for obtaining isothermal 
transformation diagrams were cut from the “w” loca- 
tion to conserve metal. 

Typical microstructures of both “B” and “E” metal 
at the “m” location are given in Fig. 3. The greater 
tendency of “E” metal to ferritize is well illustrated by 
these structures. Average mechanical properties for 
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b. “E” metal 


Fig. 3 — Typical microstructure of inside end of “m” blanks 
(See Fig. 2) of as-received metal. Light areas are ferrite sur- 
rounding nodules of graphite and gray matrix is pearlite. 


TABLE 2 — PROPERTIES OF AS-RECEIVED IRONS 
Tensile Yield Reduction 
Strength, Strength, Elongation, of Area, Impact, 

psi psi % % ft-lb 


108,500 76,300 4. 
89,700 57,500 9. 
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the nodular irons in the as-received condition are 
listed in Table 2. 


SPECIAL EQUIPMENT AND TECHNIQUES 


The necessity for the conservation of metal led to 
the adoption of small tensile and impact specimens. 
The tensile specimens were round, threaded, and 
had a three-quarter inch gauge length. The dimensions 
of the specimens were those suggested in the Amer- 
ican Society for Metals Handbook. The yield strength 
was determined by the offset method using a 0.2 per 
cent offset. 

Impact tests were made on unnotched Charpy speci- 
mens that had a cross section of 0.3125 sq in. and 


153 


a length of 2.165 in. A pendulum energy of 110 ft- 
lb was used. 

The desirability of relating the heat treatments 
to the mechanical properties and microstructure in- 
troduced the problem of determining the percentages 
of the constituents present in a specimen. This was 
done by means of lineal analysis using the well-known 
Hurlbut counter.® 


PRELIMINARY PROCEDURES 


In the as-cast condition “B” iron contained a small 
amount of free cementite while “E” iron showed a rel- 
atively large per cent of ferrite. It appeared desirable 
to eliminate both of these by a preliminary treatment 
so that as complete a picture as possible could be 
obtained of the ferritization process by subsequent 
treatments. A number of heat treatment tests revealed 
that if the 7/16-in. square blanks used for making the 
test specimens were heated to 1800 F (980 C) for 
2-1/2 hr and then cooled in air, the free cementite 
was removed and the free ferrite was reduced to a 
small value—0.4 per cent in “B” iron and 5.8 per cent 
in “E” iron. 

Because the rate of ferritization below the critical 
range would increase with an increase in temperature 
it was important to know the maximum temperature 
that could be used without encountering austenite 
formation. This temperature is frequently called the 
critical temperature. 

Preliminary tests on nodular irons had revealed the 
sluggishness with which austenite forms at tempera- 
tures near the critical temperature. Therefore a series 
of specimens were heated for 14 hr at various tem- 
peratures, the range of which would bridge the critical 
temperature, and then quenched in water. It was 
then a simple matter to determine from the micro- 
structure the location of the critical temperature— 
found to fall between 1350 and 1860 F (732 and 
738 C) for “B” iron and between 1380 and 1390 F 
(749 and 754 C) for “E” iron. 


TENSILE PROPERTIES VERSUS TYPE OF 
HEAT TREATMENT 

One of the objects of the investigation was to de- 
termine what effect, if any, the type of ferritizing 
treatment had on the mechanical properties. In this 
respect it was desirable not only to evaluate fully 
ferritized iron, but also to assess the effect of residual 
carbides. The detrimental effect of the latter might be 
materially influenced by variations in their shape 
and distribution. 

It was therefore planned to analyze the following 
four types of treatments. (1) Cool at various rates 
from 1800 F (980 C). (2) Quench from 1800 F 
(980 C) into a lead bath maintained at various tem- 
peratures in the range of 1100 to 1425 F (595 to 775 C) 
and hold for ferritization. An experimental study of 
this treatment is somewhat more involved than treat- 
ments (1) and (4), and will be discussed in the 
section entitled Isothermal Transformation of Cooled 
Specimens. (3) Air cool from 1800 F (980 C) to room 
temperature followed by reheating for ferritization. 

This treatment is dealt with in two sections; one 
in which ferritizing was at 1340 F (725 C) to study 
in particular the effect of time at a typical commer- 
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cial heat treatment temperature; and a second in 
which the effect of time at decomposition tempera- 
tures over a range of 1320 to 1425 F (775 to 800 C) 
was investigated. The latter work is discussed under 
the heading Isothermal Transformation of Reheated 
Specimens. (4) Quench to martensite from various 
austenitizing temperatures and ferritize at 13840 F 
(725 C). 

The four different treatments therefore approach 
the fully ferritic matrix by four different mechanisms 
and should reveal whether or not it makes any dif- 
ference as to how the ferritic structure is obtained. 
Conclusions drawn from this study should be appli- 
cable at least qualitatively to other heat treatments 
that involve more than one of the four mechanisms. 


Ferrite Formation Versus Cooling Rates 


Tensile specimen blanks, 7/16 x 7/16 x 3 in. were 
cut from “B” and “E” iron Y-blocks; heated at 1800 
F (980 C) for 2-1/2 hr; and then cooled at various 
rates. The cooling rate was measured by inserting a 
thermocouple in the center of one of the specimens 
and connecting it to an automatic recorder. Cooling 
rates, considering the time interval from 1450 F to 
1200 F (790 C to 650 C), ranged from 20,880 F 
(11,600 C) per hour for the specimens cooled indi- 
vidually in air to 110 F (60 C) per hr for specimens 
cooled in the furnace. The 1450 to 1200 F (790 to 650 
C) range was used because Millis® in his recommenda- 
tions for ferritizing nodular iron states that with Type 
A heat treatment (slow cool through eutectoid range ) 
the cooling rate should not exceed 35 F (20 C) per 
hr in this temperature range. The interval of 1450 
to 1200 F (790 to 650 C) would be expected to cover 
the most active range of graphitization. 

The natural cooling rate of the furnace was much 
faster than the maximum recommended, being 110 
F (60 C) per hr. Because full ferritization was ob- 
tained in “E” iron and close to 100 per cent ferritic 
matrix (95.4 per cent) in “B” iron, no attempt was 
made to attain a slower cooling rate. 

Cooling rates between those mentioned above were 
obtained by inserting the specimens in various sizes 
of low carbon steel cylinders; then subjecting the cyl- 
inders to austenitization at 1800 F (980 C); removing 
them from the furnace; and cooling in air or in the 
furnace with the cover removed. In all cases a dummy 
specimen containing a thermocouple was run with 
the other two specimens (one each from “B” and “E” 
iron) to insure the holding time of 2-1/2 hr at 1800 
F (980 C) as well as to measure the cooling rate. 

During some preliminary surveys in which varia- 
tions in specimen design and methods of measuring 
elongation were studied, duplicate specimens were 
used in the tests. The excellent agreement between 
duplicate specimens made it appear that it was a 
waste of both time and material to continue this prac- 
tice in cases where a continuous curve was expected 
from a series of specimens. Should scatter or irregulari- 
ties develop, additional specimens could be tested 
for a check. 

After heat treatment the tensile specimens were 
machined and tested. Measurements were made of 
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ultimate strength, yield strength, per cent elongation, 
and per cent reduction of area. One of the halves of 
each of the fractured specimens was cut at the 9/32- 
in. shoulder and subjected to a lineal analysis to de- 
termine the per cent of dispersed carbide areas in 
the matrix. By basing the percentage on the matrix 
only, the values give a more direct measure of the 
degree of ferritization. 

Figure 4 shows a plot of cooling rates versus per 
cent of ferrite in the matrix for both “B” and “E” 
irons, and illustrates the greater tendency of “E” iron 
as compared to “B” iron to form ferrite. The term 
ferrite in this paper refers to free ferrite, and there- 
fore does not include the ferrite present in admixtures 
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Fig. 4 — Per cent ferrite versus cooling rate from 1800 F 
(980 C). 


of carbides and ferrite. For the range of cooling rates 
used, the fastest rate was not great enough to surpass 
all the ferrite in either iron (5.8 per cent present 
in “E” iron and 0.04 per cent in “B” iron), while the 
slowest cooling rate was too rapid to prevent the 
formation of some dispersed carbide areas (4.6 per 
cent present) in “B” iron. 

Tensile properties for “E” iron versus per cent of 
ferrite are plotted in Fig. 5. The results for “B” iron 
are not included because of the similarity to “E” iron. 
The properties in general show a relatively high sen- 
sitivity to the per cent of ferrite throughout the range 
studied. It may also be noted that the rate of drop 
of the yield strength and tensile strength decreases 
as the per cent of ferrite increases. The rate of the 
change of per cent elongation, on the other hand, 
is practically constant. The somewhat greater scatter 
of the points for the per cent reduction of the area 
is not unexpected, considering the small diameter of 
the specimens and the difficulty of locating and meas- 
uring the minimum diameter. 

The curves illustrate the remarkable range of prop- 
erties obtainable through a variation in the amount 
of pearlite in the matrix. Even with a tensile strength 
of 14,000 psi the irons have 2 per cent elongation. 
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Fig. 5 — Mechanical of “E” iron versus per cent 
ferrite for Type A heat treatment (cooled at various rates from 
1800 F (980 C) ). 








With very little pearlite present the strength is near 
70,000 psi and the elongation is over 20 per cent. 

It was noted that pearlite with the lowest cool- 
ing rates used was clearly lamellar. This will be an 
important consideration when comparisons are made 
with other heat treatments in which the residual 
carbides are spheroidized. 


Ferritization of Pearlite at 1340 F (725 C) 


A series of 7/16 x 7/16 x 3-in. blanks for tensile 
specimens were packed in charcoal, heated for 2-1/2 
hr in a furnace at 1800 F (980 C) and then cooled 
individually in air. As mentioned previously this gave 
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matrices that were practically all pearlite. The per 
cent of ferrite was 0.4 per cent for “B” iron and 5.8 
per cent for “E” iron. A series of heat treatments 
was then conducted to determine the effect of heating 
at 1340 F (725 C). The times used were 1/2, 1, 2, 
4, 8, and 16 hr. The heating was done in a muffle 
type furnace. Tensile specimens were machined from 
the blanks, tested, and subjected to lineal analyses. 
Plots of per cent ferrite in the irons versus time 
in a 1840 F (725 C) furnace are given in Fig. 6. 
The reduction in the rate of ferritization with time 
is to be expected because of the increasing length of 
the diffusion path from the cementite to the graphite. 
The cementite adjacent to the graphite decomposes 
first. So with increasing time there is an ever widen- 
ing band of ferrite between the graphite and the 
dispersed carbide areas, and therefore a decreasing 
concentration gradient of carbon in the ferrite. 
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Fig. 7 — Mechanical of “E” iron versus per cent 


properties 
ferrite for Type C heat treatment (pearlitic matrix decomposed 
at 1340 F (725 C) ). 


Figure 7 gives the relationship between the me- 
chanical properties and the per cent of ferrite in the 
matrix for “E” iron and is also representative of the 
results obtained with “B” iron. The elongation and 
reduction of area undergo virtually a constant rate 
of change until a value of about 90 per cent ferrite 
is reached. In contrast the tensile strength and yield 
strength exhibit a decreasing rate of change as ferriti- 
zation progresses. It is also evident that the yield 
strength is not appreciably affected by increasing the 
per cent of ferrite from 80 to 100 per cent. 

The maximum elongations for “B” and “E” irons, 
namely 20 and 22.6 per cent, were obtained in 8 
hr for “B” and 2 hr for “E” iron, and accompanied 
a matrix having about 90 per cent ferrite. Additional 
ferritization did not appear to be beneficial to the 
per cent elongation. The residual dispersed carbide 
areas with this treatment were spheroidized. Therefore, 
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as might be expected, they had less effect on the 
properties than the lamellar type areas present in the 
slowly cooled specimens obtained with the A type 
treatment discussed in the previous section. 


Ferritization of Martensite 


A number of investigators have mentioned that the 
ferritization of martensite may lead to formation of 
additional graphite nodules which they have called 
secondary graphite. Also the austenitizing temperature 
which determines in part the amount of carbon dis- 
solved in martensite has been recognized as an im- 
portant factor in this phenomenon. 

A preliminary survey of the effect of the austenitiz- 
ing temperature on the as-quenched structure as well 
as on the ferritized structures was made by quenching 
a series of 1/8-in. thick specimens from temperatures 
ranging from 1000 to 1900 F (540 to 1040 C) and 
then ferritizing for 1 hr at 1840 F (725 C). The higher 
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Fig. 8 — “B” metal normalized (2-1/2 hr at 1800 F), reheated for 2 hr at indicated temperature 
and oil quenched, and then reheated for 1 hr at 1340 F. «200. 
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austenitizing temperature resulted in a greater per- 
centage of retained austenite and coarser martensite 
plates in the as-quenched condition. The ferritized 
structure also showed a marked effect of the austenitiz- 
ing temperature, as illustrated in Fig. 8. It is appar- 
ent that with an increase in the austenitizing temper- 
ature there is an increase in the amount of secondary 
graphite. With the higher temperatures, the shape 
of the graphite is plate-like rather than spherical, and 
there is a greater tendency for the graphite to be 
located at the ferrite grain boundaries. 

The elongated graphite is accompanied by elon- 
gated grains of ferrite rather than the equiaxed 
shapes found for lower temperatures. It is known that 
the plates of martensite become plates of ferrite dur- 
ing tempering. The lack of the plate-like shape for 
lower temperatures can be attributed to their initially 
smaller size which would increase the relative surface 
energy and promote growth with a tendency to change 
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Fig. 9— Comparison of martensitic and pearlitic matrices on response to ferritization treatment of 1 hr at 1340 F. Left — Air- 
cooled (pearlitic). Right — Oil quenched (martensitic) from 1800 F, both “B” metal. 


to an equiaxed shape. It is also possible that the 
relatively large amount of secondary graphite formed 
at the boundaries in the high temperature specimens 
materially inhibits grain boundary migration. 

The low mechanical properties that were encoun- 
tered when high austenitizing temperatures were used 
is easily understood from a study of the 1900 F 
(1040 C) specimens. The elongated graphite would 
be very effective in reducing the continuity of the 
metal and lowering both its strength and ductility. 
On the other hand, the introduction of the secondary 
graphite would reduce the diffusion paths for carbon 
and consequently should increase the rate of ferritiza- 
tion. This is clearly revealed by Fig. 9, which illus- 
trates the effect of a one hr ferritization at 1340 F 
(725 C) on normalized specimens and specimens 
quenched from 1800 F (980 C). 

The effect of secondary graphite on the properties 
of ferritized specimens was studied by using austenitiz- 
ing temperatures of 1500, 1600, and 1800 F (815, 
870, and 980 C). The tensile specimen blanks that 
were austenitized at 1500 F (815 C) and 1600 F 
(870 C) were first normalized from 1800 F (980 C), 
but the 1800 F (908 C) specimens were not given a 
prior treatment. After 2 hr at the given temperature 
the specimens were quenched in oil. To reduce the 
danger of cracking during the ferritizing treatment 
the specimens were tempered 1 hr at each of the 
temperatures 300, 650, and 1000 F (150, 345, and 540 
C). A check showed that no ferritization resulted 
from this treatment. Ferritization was carried out at 
1340 F (725 C) for 1/2, 1, 2, 4, and 8 hr. 

The results are plotted in Fig. 10. Yield strengths 
were not determined for these specimens because it 
was found in a preliminary survey that specimens with 
secondary graphite had a great tendency to break 
in the gage marks that were needed for attachment 
of the extensometer. The elongation was obtained by 
coating the specimens with lacquer which served as 
a medium for retention of the gage length marks. 

Both the 1600 and 1800 F (870 and 980 C) austen- 
itizing temperatures gave low elongations compared 





to the maximums of 20 per cent or more obtained by 
ferritizing pearlite (discussed in previous section). 
The tensile strengths are however about the same as 
those for the ferritized pearlitic specimens that had 
close to a 100 per cent ferritic matrix. The low 
strengths after only 1/2 hr at 13840 F (725 C) are 
largely due to the high rate of ferritization, as was 
discussed above and is illustrated in Fig. 9. 
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Fig. 10 — Effect of quenching temperature on properties ob- 
tained with tempering for various times at 1340 F (725 C). 
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The 1500 F (815 C) austenitizing treatment gives 
about the same magnitude of elongation (20 per cent) 
as obtained with ferritization of pearlite; but this 
value is reached in a shorter time. The low strength 
of “E” iron as compared with “B” iron after a 1/2 
hr ferritization treatment is to be anticipated because 
an appreciable amount of ferrite was present in “E” 
iron prior to quenching. 

No lineal analyses were made of these specimens 
due to the added difficulty caused by the presence 
of the secondary graphite. 


ISOTHERMAL TRANSFORMATION 
Isothermal Transformation for Cooled Specimens 


One of the aspects of the heat treatments of nodular 
irons that has received surprisingly little attention is 
the isothermal transformation characteristics. The only 
work of this nature that the author located in the 
literature during the investigation was a partial IT 
(isothermal-transformation) diagram reported by 
Rowady, Murphy, and Libsch,’ but later it was called 
to the author's attention that Brown and Hawkes" 
had published a paper on this subject. From the stand- 
point of ferritization an important feature of an IT 


Nodular Iron Ferritization 


diagram would be the rate of direct formation of 
ferrite from austenite. Such a transformation might 
occur at temperatures in and below the eutectoid 
range of the equilibrium phase diagram. It appeared 
desirable therefore to determine IT diagrams for “B” 
and “E” irons. 

Specimens, 1/8-in. slices of 7/16 x 7/16 x 3-in. 
blanks that had been heated for 2-1/2 hr at 1800 F 
(980 C), were transferred to lead pots maintained at 
a given temperature and then quenched after a pre- 
determined length of time. The temperature range 
studied was 1100 to 1425 F (595 to 775 C) and the 
times were 1-1/2 to 480 min. An examination of the 
microstructure gave the times for the beginning and 
ending of the various reactions and they are plotted 
in Figs. 11 and 12. 

The IT curves clearly show the greater sluggishness 
of “B” iron as compared to “E” iron. Photomicrographs 
were taken to illustrate the different types of micro- 
structures. Considering the “B” iron IT curve (Fig. 11), 
the first change occuring at 1425 F (775 C) involves 
the formation of pearlite which is illustrated in Fig. 
13a. After a time of about 45 min the pearlite 
begins to decompose, and this decomposition is com- 
plete in about 200 min, as represented in Fig. 13b. For 
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Fig. 13 — Typical microstructures obtained in isothermal transformation treatments. Specimens 
quenched into lead from 1800 F (980 C). For clarification, microstructures are referred to 
IT curve for “B” iron, Fig. 11. 
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this decomposition to occur it can be seen that the 
austenite must transmit the carbon from the carbide 
of the pearlite to the graphite nodules. 

At a lower temperature, in “B” iron at 1300 F 
(700 C) for instance, some pearlite forms first in 
regions about midway between the graphite nodules 
as shown in Fig. 18c, and is then followed by the 
direct transformation of austenite to graphite and 
ferrite, the latter phase surrounding the graphite. 

At still lower temperatures, where the rate of trans- 
formation of austenite is more rapid, less or no ferrite 
forms. A specimen with but a small amount of ferrite 
is shown in Fig. 13d. As has been discussed previous- 
ly, with sufficiently long holding time pearlite will 
spheroidize and decompose, giving a structure similar 
to that of Fig. 13e. 

Below the temperature of 1200 F (650 C) the de- 
composition rate of austenite decreases and there is 
no direct formation of ferrite from austenite. Hence 
specimens in which the transformation of austenite 
is incomplete will be composed of austenite (marten- 
site after quench) and pearlite as shown in Fig. 13f. 

A comparison of the IT curves for “B” and “E” 
irons not only indicates the more rapid transformation 
of the latter, but also shows the transformations for 
“E” iron are spread over a considerably wider tem- 
perature range. It may be noted, too, that the austenite 
to ferrite transformation in “E” iron starts at about 
the same time as for the austenite to pearlite trans- 
formation, instead of at a much later time. 

The IT diagram published by Brown and Hawkes," 
although it was for an iron similar to “B” iron in 
chemical composition, had markedly different reaction 
rates for the higher temperatures. Above 1255 F 
(680 C) it showed the austenite to graphite plus fer- 
rite reaction to precede that for austenite to pearlite, 
the reverse of what was obtained with “B” iron. The 
major differences in experimental procedures con- 
cerned the austenitizing treatments. In this investiga- 
tion the quench was from 1800 F (980 C) while 
Brown and Hawkes slowly cooled their specimens from 
1742 F (965 C) to 1562 F (830 C) and held them 
1 hr before quenching. It follows that the austenites 

_of the two different treatments differ prior to quench- 
ing in regard to carbon content and possibly with 
respect to the distribution of other elements. 

It is important to note also that, at the higher trans- 
formation temperatures, Brown and Hawkes’ speci- 
mens gave a general precipitation of ferrite rather than 
the familiar bull’s-eye pattern which was characteristic 
for the lower temperatures in their specimens, and for 
all temperatures in the author’s specimens. The author 
encountered the same general type of ferrite precipi- 
tation when low austenitizing temperatures were used 
and he attributed this to a lack of homogenization 
in the austenite. 

An examination of the above IT curves for “B” and 
“E” irons discloses the various mechanisms taking place 
and the times required for the beginning and ending 
of certain changes, but it fails to reveal the amount 
of ferrite present at a given time and temperature. 
To obtain this information lineal analyses were made 
for specimens held 1 hr and 8 hr at the various temper- 
atures. The results are plotted in Figs. 14 and 15. 
These equi-time curves emphasize the difference in 
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Fig. 14 — Per cent microconstituents present in cooled speci- 
mens of “B” iron isothermally transformed. 


ferritization rates of the two irons. Not only is the 
“B” iron more sluggish insofar as ferrite formation is 
concerned, but the region for a high rate of ferrite 
formation is confined to a very narrow temperature 
range. The difference between the two irons with an 
8 hr treatment is much less than for 1 hr because of 
the slowing of the transformation as the amount of 
ferrite around the graphite and consequently the dif- 
fusion path increases. 

These curves also indicate the percentages of other 
constituents that make up the part of the matrix that 
is not ferritized. This is of some value in estimating 
the effect of the microstructure on the tensile proper- 
ties. For example, the presence of dispersed carbides 
at a relatively high temperature ought to be less detri- 
mental to ductility than austenite. Upon cooling the 
latter, say in air, it would transform to a relatively 
fine and therefore hard pearlite, while the former 
dispersed carbides would tend to be spheroidized and 
therefore less hard and brittle. 


Isothermal Transformations for Reheated Specimens 


As mentioned previously, nodular irons are slow to 
form austenite during reheating, and this characteris- 
tic gives some difficulty when the critical temperatures 
are determined. It appeared that this sluggishness 
for austenite formation, in view of the great acceler- 
ating effect of an increase in temperature on ferritiza- 
tion of pearlite, might be turned to an advantage. 
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Fig. 15 — Per cent microconstituents present in cooled speci- 
mens of “E” iron isothermally transformed. 


It seemed possible that one might heat over the 
critical temperature and achieve full or virtually full 
ferritization before an appreciable amount of austenite 
formed. This possibility was investigated by taking 
1/8-in. slices as was done for the isothermally trans- 
formed cooled specimens, and heating them in a lead 
pot for one and eight hours at various temperatures. 

At the end of the desired time, the specimens were 
quenched in water so that the formation of any 
austenite during the heat treatment might be detect- 
ed. Both the high and low limits of the temperature 
range were higher than those used for the isothermal 
transformation of the cooled specimens. The lowest 
temperature used was 1320 F (715 C), because at 
lower temperatures the rate of ferritization would be 
appreciably less and of little interest. It was also 
found that for 1 hr treatments the maximum rate of 
ferritization was not reached at 1425 F (775 C), so 
temperatures up to 1475 F (800 C) were used. 

A lineal analysis was made on the specimens, and 
the results are plotted in Figs. 16 and 17. To facilitate 
a comparison with the isothermal ferritization of 
cooled specimens the ferrite curves for that study are 
included. The graphs indicate an appreciable advan- 
tage for the reheated specimens insofar as the rate 
of ferritization is concerned, for the l-hr treatments 
of both “B” and “E” irons. With the 8-hr heat treat- 
ments a definite advantage was shown for “B” iron, 
but with “E” iron the rates were the same for both 


161 


HOLDING TIME= | HOUR 























1500 1 T T T T T T UJ , 
FERRITE ~ a“ < 
-_ , 
— 
& 1400 —S = 
- AUSTENITE 
< 
7 ~~ PEARLITE = 
q ie 
~ 
ig -- 4 
w 
a 1300 e “ 
= ~~ 
= #* FERRITE (COOLED SPECIMENS) 7 
"4 4 
i i i i l i i i l 
1200 
0 20 40 60 60 100 
PER CENT MATRIX 
HOLDING TIME= 8 HOURS 
1500 T T T T T T oy T 
ww 
a at a“ 
r. FERRITE ~ 
\ — AUSTENITE 
ner. i." ~ 
Pe ee 
¥ ae 2 © cee ce cee oe — —_— 
wf y ws PEARLITE ) 
4 
« ' ‘ 
> 
— 1300 F Ps “ 
« 
: al 
Fre a 7 
- a . 4 
ap a ee 
1200  - et = «= 
. FERRITE (COOLED SPECIMENS) 
1100 1 l i i i 1 i ij l 
° 20 40 60 60 400 








PER CENT MATRIX 


Fig. 16—Per cent microconstituents in heated specimens of 
“B” iron isothermally transformed. Ferrite curve for cooled 
specimens included for comparison. 


the cooled and reheated irons. 

It was concluded on the basis of the data given 
above that the marked advantages of reheating on 
the rate of ferritization warranted a study of tensile 
specimens treated in a temperature range that in- 
cluded those temperatures which give maximum fer- 
ritization. Some doubt existed regarding a direct cor- 
relation between the per cent of ferrite and the 
ductility, because of a variation in the remaining part 
of the matrix. Take as an example the 1-hr treatment 
for “E” iron at 1450 F (790 C), at which the largest 
amount of ferrite is formed. The residual part of the 
matrix at this temperature is austenite which would 
change to relatively fine pearlite during cooling, while 
at 1425 F (775 C) the amount of ferrite would be 
somewhat less, but the remaining part of the matrix 
would be spheroidized pearlite. Hence maximum duc- 
tility might be obtained at temperatures below 1450 
F (790C). 

The tensile properties were investigated by first 
normalizing from 1800 F (980 C) a number of “m” 
and “b” location blanks. In view of the limited num- 
ber of temperatures to be used it was considered 
desirable to use two specimens, one. each from “m” 
and “b” locations for each temperature. Also, because 
of the large amount of ferritization that occurred in 
the small specimens previously checked in 1 hr, it 
was planned to use this time for all tests. 

The tensile specimen blanks were heated at the 
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Fig. 17 — Per cent microconstituents in heated specimens of 
“E” iron isothermally transformed. Ferrite curve for cooled 
specimens included for comparison. 


desired temperatures and then air cooled so as to 
allow any austenite present to transform to pearlite. 
The blanks were then machined, tested, and subjected 
to lineal analyses. The results are plotted in Fig. 18. 
“B” iron again showed its sensitivity to temperature 
but an elongation of 20 per cent was obtained in 
the short time of 1 hr at 1875 F (745 C). The rela- 
tive insensitivity of “E” iron made it necessary to 
extend the temperature range to 1475 F (800 C). 
With “E” iron more than 20 per cent elongation was 
found with temperatures ranging from 1855 to 1450 F 
(735 to 790 C). 

Considering the various maximum  ductilities 
achieved with the different types of heat treatment 
studied it appears that about the maximum ductility 
that can be obtained is close to 22 per cent. There- 
fore it may be said that from the standpoint of ten- 
sile properties a good job of ferritizing both “E” and 
“B” iron may be accomplished in the short period of 
one hour. 


IMPACT AND MISCELLANEOUS TENSILE TESTS 


In many commercial applications where a high duc- 
tility type nodular iron is wanted, the ability of the 
iron to withstand impact loads might be a better 
measure of its value than a tensile test. There would 
appear little doubt that both maximum elongation 
in the tensile test as well as maximum impact ductility 
would be found in an iron which had a fully ferritic 
matrix. Some of the heat treatments previously dis- 
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Fig. 18 — Effect of heating normalized specimens in lead pot 
at various temperatures. 


cussed, however, have shown that a fairly large amount 
of dispersed carbide areas might be tolerated without 
appreciably lowering the tensile elongation. The best 
example of this characteristic is found in Fig. 18 of 
the preceding section, in which both “B” and “E” 
irons had elongations of 20 per cent with matrices 
containing only 70 per cent ferrite. With a maximum 
possible elongation of about 22 per cent it would 
appear that the last 30 per cent of dispersed carbide 
areas had little effect. It was therefore of interest to 
determine whether this same insensitivity would be 
found with regard to impact ductility. 

The impact specimen design chosen and the test 
procedure used, are described in a preceding section. 

As no data were available on the range of values 
or reproducibility that might be obtained with the 
specimen design adopted, it was decided to run 
first a series of specimens which would include the 
mest brittle and most ductile states of the iron. For 
the first state, specimens normalized from 1800 F (980 
C), and therefore having virtually a 100 per cent 
pearlitic matrix, were used; while for the last state it 
was most convenient to use specimens furnace cooled 
from 1800 F (980 C). Four specimens, two from 
each of the “b” and “m” locations, were tested for 
each of the two states. The results are given in Table 
3. These tests gave a range of 3.5 to 64 ft-lb, which 
was considered wide enough to have adequate sensi- 
tivity. 
The tests also indicated a relatively large sensitivity 
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to section location which had not been observed in 
the many tensile tests previously made. A metallo- 
graphic examination of the furnace cooled “B” irons 
revealed that the “m” location did contain a little 
more pearlite than the “b” location, but the difference 
seemed insignificant considering the drop of 62 to 
an average of 24 ft-lb. 


TABLE 3 — IMPACT TESTS ON NORMALIZED AND 
FURNACE COOLED IRONS FROM 1800 F (980 C) 








Treatment Iron Location Impact Value 
ft-lb 
Normalized » x y a 7.0 
Normalized » 2 _— 6.0 
Normalized » “m” 3.5 
Normalized _— » 3.5 
Normalized = > 13.5 
Normalized “E” “b” 9.0 
Normalized = » 3 12.0 
Normalized e a “m” 8.0 
Furnace Cooled os st 62 
Furnace Cooled . ss a 62 
Furnace Cooled oom “m” 26 
Furnace Cooled + —_— 22 
Furnace Cooled “EE” as 64 
Furnace Cooled “—” sf 64 
Furnace Cooled =” “m” 53.5 
Furnace Cooled . w “m” 57.0 





The marked location sensitivity raised the question 
as to whether further tests should be confined to 
location “b”. Fortunately it was decided to continue 
testing “m” and “b” pairs, for most of the other treat- 
ments resulted in much less spread in impact values. 


Evaluation of Isothermally Treated Reheated Irons 


The fast response to ferritization in the isothermal 
treatment of reheated irons made this type of heat 
treatment of particular interest, and it was studied 
next. Based on Fig. 18 the optimum temperatures for 
ferritization were 1375 F (745 C) and 1425 F (775 
C) for “B” and “E” irons respectively. After a normal- 
ize from 1800 F (980 C), specimen blanks were heat- 
ed for 1/2, 1, 2, and 4 hr in lead pots at the given 
temperatures and air cooled. Charpy specimens were 
machined and tested, and the results are plotted in Fig. 
19. Some austenite formed in the 1, 2, and 4-hr 
treatments of “B” and “E” irons, the latter iron having 
the greatest amount. Also, as would be expected, the 
amount of austenite increased with time. 

During air cooling the austenite tends to transform 
to fine pearlite. The quantity of the fine pearlite 
in the “E” iron heat treated for 4 hr at 1425 F (775 
C) was sufficient to cause its impact value to be 
less than that obtained with the 2-hr time. As there 
was some possibility that the maximum values ob- 
tained for both irons was lowered by the generation 
of fine pearlite, another series of specimens was run 
at lower temperatures for both irons, this time 1355 
and 1400 F (735 and 760 C) being chosen. The 
impact values are plotted in Fig. 19. 

The results show that the lower temperatures did 
not give as high impact values as the previous tests. 
From the slope of the curves, however, it seems 
possible that with longer times at lower temperatures 
higher values might eventually be reached. 
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Fig. 19 — Charpy value versus reheat time in lead. 


The greater sensitivity of the impact test to dis- 
persed carbides is well illustrated by the “B” iron 
treatment of one hour at 1875 F (745 C). While 
such a treatment gave 20 per cent elongation (very 
near maximum) in the tensile test, the impact value 
was only 35 ft-lb. Figure 18 indicates that the matrix 
after this treatment is 70 per cent ferrite. 

The impact values plotted in Fig. 19 are average 
values for “m” and “b” locations. The individual values 
are given in Table 4. These are included to show 


TABLE 4 — IMPACT VALUES FOR CHARPY UNNOTCHED 
BARS AFTER ISOTHERMAL FERRITIZATION 








TREATMENTS 
Iron Location Treatment Treatment Impact 
Time Temperature Value 
hr F ft-lb 
» “b” % 1425 45 
“Ee” “m” rr) 1425 47 
“E” “bh” 1 1425 52 
“E” “m” 1 1425 54 
“E — 2 1425 58 
= “m” 2 1425 54 
— — 4 1425 49 
“E” “m” 4 1425 54 
ov “A We 1375 18 
— sy + 1375 12 
: x “b” 1 1375 38 
“B” “m” 1 1375 32 
“B” “b” 2 1375 47 
e “m” 2 1375 47 
. ¥ a 4 1375 56 
ee “m” 4 1375 48 
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the small amount of scatter between the two locations 
after the isothermal ferritization treatments. 

The impact tests on the isothermally treated re- 
heated irons led to the conclusion that 4 hr at 1375 F 
(745 C) for “B” iron and 2 hr at 1425 F (775 C) 
for “E” iron gave the best results. As no tensile tests 
had been made previously for these treatments, they 
were now run and the results are listed in Table 5 
together with the impact values. A lineal analysis of 
these specimens gave 83 and 92 per cent ferrite 
for “B” and “E” irons respectively. 


TABLE 5 — PROPERTIES OF IRONS FERRITIZED* 
WITH AND WITHOUT PRIOR NORMALIZING 
HEAT TREATMENT 


“E” Iron (Not Normalized) 
Spec. Tensile Yield Elonga- Red. Impact 


No. Strength, Strength, tion, Area, Value 
psi psi %o %o ft—lb 


ET89** 71,500 51,200 22.6 25.1 55 
ET90 Unsound tensile specimen 40 
ET91 71,200 51,600 22.6 24.5 49 
ET92 70,700 51,600 22.6 18.1 51 
Average 71,100 51,500 22.6 22.5 49 


“E” Iron (Normalized) 
47,700 24.0 23.8 58 
47,600 22.6 23.8 54 
47,800 24.0 24.8 _ 
47,700 21.3 20.9 _ 
47,700 23.0 23.3 56 


“B” Iron (Not Normalized) 
58,300 18.7 21.2 23 
57,000 18.7 18.0 41 
57,500 20.0 21.2 41 
56,400 20.0 21.2 49 
57,300. 19.4 20.4 38.5 


“B” Iron (Normalized) 
50,500 20.0 20.9 56 
51,600 20.0 22.0 48 
51,200 20.0 20.9 un 
BT58 76,500 50,200 20.0 19.8 és 
Average 76,200 50,900 20.0 20.9 52 


*“E” iron, 2 hr at 1425 F (775 C), and “B” iron, 4 hr at 1375 
F (745 C). 
*°Specimen numbers apply to tensile specimens only. 








ET93*° 67,800 
ET94 67,700 
ET95 68,000 
ET96 67,700 
Average 67,800 


BT51** 75,500 
BT52 74,800 
BT53 75,700 
BT54 75,200 
Average 75,300 


BT55°° 75,800 
BT56 75,300 
BT57 77,200 





Effect of Omitting Normalizing Treatment 


In all the above heat treatments it was taken for 
granted that the normalizing treatment of air cooling 
after heating for 2-1/2 hr in a furnace operating at 
1800 F (980 C) was necessary, and it was applied to 
all specimens. It appeared that the small amount of 
proeutectoid cementite that existed in the as-cast “B” 
iron might lower the ductility, and this constituent 
can be readily decomposed at a high temperature 
only. Furthermore, it has been reported by Gilbert® 
that even when no proeutectoid cementite is present, 
the normalizing treatment is required for best ductility. 

In a commercial operation the normalizing treat- 
ment would be a relatively expensive operation, and 
therefore it should be of interest to determine the 
extent of the benefit derived from it. To obtain this 
information a testing program was conducted in which 
impact as well as tensile tests were made for both 
“B” and “E” irons after the treatments of 4 hr at 
1375 F (745 C) and 2 hr at 1425 F (775 C) respec- 
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tively, the normalizing treatment being omitted. The 
results are listed in Table 5. 

Both “B” and “E” irons respond in a similar manner 
to the omission of the normalizing treatment. The 
tensile properties were affected little except for the 
yield strengths which were lowered by the normaliz- 
ing treatment—“B” iron showing a drop of 6400 psi. 
and the ‘E” iron 3800 psi. The impact values were 
also lowered when the normalizing treatment was not 
used, and there was a considerable amount of scatter. 

The relatively high sensitivity of the impact test 
to the exclusion of the normalizing treatment is not 
unexpected, for the test must be quite dependent on 
the microstructure found close to the surface on the 
tension side where cracks are initiated. Statistically 
there would be a greater variation in this localized 
region than over the larger area that would be af- 
fected in the tensile test. The diffusion accompanying 
the normalizing treatment would promote uniformity 
in the internal structure of the irons and thus reduce 
both the peak detrimentalities as well as their varia- 
tion. 


Impact Ductility of Ferritized Martensite 


The tensile tests reported on ferritized martensitic 
structures (See Fig. 10) revealed that the secondary 
graphite gave relatively low elongation values when 
austenitization temperatures of 1800 F (980 C) and 
1600 F (870 C) were used, but good values when 
the temperature was 1500 F (815 C). 

During the survey of the various heat treatments 
with the impact test it was decided to include two 
specimen blanks from “m” location of “B” and “E” 
irons that had previously been normalized from 1800 
F (980 C), reheated to 1500 F (815 C) for 2 hr, 
oil quenched, and tempered 1 hr at each of the tem- 
peratures 300, 650, and 1000 F (150, 340, and 540 C). 
They were now heated for 8 hr at 1340 F (725 C) to 
insure a high degree of ferritization, machined, and 
tested. Both specimens gave an impact value of 41 
ft-lb, which is considerably less than the average 
values of 52 and 56 obtained by the isothermal treat- 
ment of the reheated specimens. 

A check of the microstructures showed that both 
the “B” and “E” irons contained an appreciable amount 
of dispersed carbides. It is surprising that although 
the ferritization of martensite progresses with extreme 
rapidity at first, as illustrated by Fig. 9, it is still 
incomplete after 8 hr. The greater reluctance of the 
last portion of the carbides of the quenched speci- 
mens to ferritize as compared to those of specimens 
having had a slower prior cooling rate indicates that 
the faster cool probably prevents certain changes in 
the chemistry of the phases which are favorable for 
decomposition. 


CONCLUSIONS 


The original intent of this investigation was to study 
the effectiveness of various types of heat treatments 
with reference to ductility as represented by tensile 
elongation. Using this criterion it appears that the 
maximum or “ceiling elongation” of the two nodular 
irons tested fell between 20 and 23 per cent and could 
be achieved by all of the types of heat treatment, 
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providing certain temperature and time conditions 
were met. 

On the other hand, the relatively abbreviated sur- 
vey utilizing impact tests indicated a far greater sen- 
sitivity to treatment conditions—that is, conditions 
which gave the same elongation might produce very 
iarge differences in the impact values. 

It is concluded that the two heat treatments which 
appear most attractive are: first, the controlled cool- 
ing rate through the eutectoid range, and second, 
the isothermal treatment of reheated specimens, both 
treatments being preceded by a high temperature 
hold. The two treatments gave essentially the same 
tensile properties, but the first treatment appeared 
to be capable of producing higher values of impact 
ductility and had a higher sensitivity to specimen 
location. The second treatment while not producing 
quite as high impact values as the highest reported 
for the first, gave much less scatter. 

On the basis of the information brought forth by 
this investigation the isothermal treatment would ap- 
pear most reliable. However, the fact that the more 
simple procedure of merely controlling the cooling 
rate through the eutectoid range gave higher as well 
as much lower impact values, makes this treatment 
very interesting because it is quite possible that a 
detailed investigation might reveal a procedure for 
elimination of the low values. 

It is important to recognize that this investigation 
included only Charpy impacts at room temperature 
made on unnotched specimens. Additional studies that 
involved “V” notched specimens and lower temper- 
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atures might uncover important sensitivities which 
were not apparent in the results described above. 
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MALLEABLE IRON MICROSTRUCTURES EFFECT AND CAUSE 


REPORT OF AFS MALLEABLE DIVISION 
CONTROLLED ANNEALING COMMITTEE* 


In response to an expressed need, the Controlled 
Annealing Committee 6D of the American Foundry- 
men’s Society has combined in an effort to set forth 
both the basic microstructures commonly found in 
malleable iron metallurgy as well as some of the ab- 
normal structures arising from known causes. 

The literature contains an abundance of records 
and reports covering special phases of the technology, 
but no recent effort has been made to collect and 
present the normal structures in a single paper. The 
committee believes that such a collection will serve a 
purpose useful to both malleable founders and engi- 
neers associated with the use of malleable iron cast- 
ings. If the understanding of the basic metallurgy in- 
volved in the annealing of malleable iron is thereby 
promoted, the committee feels that its efforts will 
have been well rewarded. 

This report contains illustrations of various micro- 
structures encountered in the respective committee 
member’s companies. An attempt has been made to 
explain the causes which produced the effects shown 
in the photomicrographs. It is hoped that this will 
stimulate interest in and bring forth some discussion 
of malleable iron metallography. 

Figures 1A and 1B show a typical ferritic malleable 
microstructure at X100 and 500. Note the complete 
absence of residual pearlite or cementite and the ran- 
dom distribution of MnS (light gray particles ). There 
may or may not be a preferred orientation of temper 
carbon nodules. Such a pattern results from the de- 
composition of the dendritic primary carbide taking 
place on preferred planes. The nodule shape as shown 
in Fig. 1B is similar to that of a cockle-burr. Essen- 
tially, it is not spheroidal. 

Figure 2 (A, B, C, D) illustrates four types of 
acceptable rims. Figure 2A shows the complete ab- 
sence of pearlite. Nodules are within 0.010 in. at the 
surface. Figure 2B shows a discontinuous pearlitic rim 
approximately 0.007 in. in thickness underlaying a 
ferritic rim of about the same thickness. Note that 
in Figs. 2A and 2B the nodule shape, size, and dis- 
tribution are similar. 

Figure 2C shows a heavier pearlitic rim of approxi- 


*Members of Controlled Annealing Committee are: L. R. 
Jenkins, Chairman; W. J. Amsbary; J. T. Bryce; L. E. Emery; 
P. W. Green; G. B. Mannweiler; C. R. Sorensen; Wm. A. 
Zeunik. 


mately 0.018 in. underlaying a ferritic skin of approxi- 
mately 0.007 in. Note that the ferritic outer layer is 
approximately the same thickness as that shown in 
Fig. 2B. However, the nodules are larger in size, more 
sprawling, and fewer in number. The presence of a 
patch of core pearlite as well as the entire retarding 
effect results from an increased denodulizing tendency 
or increased heating rate during the anneal. 

Figure 2D shows a continuous pearlitic rim with 
no ferritic skin. Such a structure usually indicates an 
excessive reducing atmosphere. 

In the four illustrations of Fig. 2, the basic chemistry 
and overall annealing cycle is the same. The effects 
result entirely from variations in control of atmosphere 
and rate of heating. 

Figures 3A and 3B show the microstructures at the 
surface of similar castings illustrating the effects of 
differences in atmosphere control on denodulizing 
tendency. 

Figure 4A shows the microstructure of an oxidized 
surface. Note the non-uniform surface and increased 
depth of penetration. Figure 4B shows oxidation of an 
internal shrink. 

Figure 5 shows the microstructure of a mottled rim 
sometimes referred to as “inverse chill” and is a pre- 
cipitation of flake graphite during freezing. This effect 
is generated in the mold and does not result from vari- 
ations in annealing or atmosphere control. 

Figure 6A shows the microstructure of a sprawling 
nodule. Note that the size and sprawliness of the 
nodules increase simultaneously. Figure 6B shows the 
microstructure of a normal compact nodule. 

Figure 7 shows an example of high nodule count. 
This generally is considered excessive with a tendency 
toward lower mechanical properties. 

Figure 8 shows an example of low nodule count. 
Such a condition frequently results in poor surface 
finish in rough machining. 

Figures 9A through 9F illustrate the effect of in- 
creasing boron addition on nodule size and distribu- 
tion. As increasing amounts of boron are added, nod- 
ule count increases and the shape compacts. In the 
higher concentration a preferred dendritic orientation 
occurs which is generally regarded as unfavorable in 
its effect on mechanical properties. This series was 
performed on the same basic iron. 

Figure 10 shows the structure resulting from incom- 
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A-Nital etch. x 100. B-Nital Etch. 500. 


Fig. 1 A and B—Typical! ferritic microstructures. Residual pearlite or cementite are completely 
absent. Light gray particles are MnS. 
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A—Nital etch. 100. B-—Nital Etch. «100. 


Fig. 2 A, B, C, D—Four types of acceptable rims. A—Complete absence of pearlite. B—Dis- 
continuous pearlitic rim. C—Heavier pearlitic rim of approx. 0.007 in. D—Continuous pearlitic 
rim with no ferritic skin. 
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C-—Nital Etch. «100. D-Nital etch. «100. 
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A-—Nital etch. «100. B—Nital etch. x100. 


Fig. 3 A and B—Microstructures at the surfaces of similar castings illustrating effects of dif- 
ferences in atmosphere control on denodulizing tendency. 
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A-—Nital etch. 100. B-Nital etch. «100. 


Fig. 4 A and B—A—Microstructure of an oxidized surface, with non-uniform surface and in- 
creased depth of penetration. B—Oxidation of an internal shrink. 





Fig. 5—Microstructure of a mottled rim (also called “inverse chill”) as a result of 
precipitation of flake graphite during freezing. Nital etch. «100. 
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A—Nital etch. x 100. B-Nital etch. x 100. 


Fig. 6 A and B—A shows microstructure of a sprawling nodule. B shows microsture of a nor- 
mal eompact nedule. 


Fig. 7—This photomicrograph shows an example of high nodule Fig. 8—An example of low nodule count is shown in this photo- 
count. Nital etch. x100. micrograph. Nital etch. x 100. 
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A—0.001% boron. x 100. 


Le oe 


E—0.008% boron. 100. 


D—0.006% boron. 100. 


B—0.002% boron. x 100. 


.! e 
me 


F—0.010% boron. 100. 


Fig. 9— (A through F)—Photomicrographs illustrating effects of increasing boron additions on 
nodule size and distribution. As increasing amounts of boron are added, nodule count increases 


and the shape compacts. 


plete first stage of annealing. Remnants of massive 
primary carbide are the significant indicators of this 
condition. 

Figure 11 shows incomplete second-stage annealing. 
In this particular case, low carbon in the iron (2.15 
per cent) resulted in heavy residual pearlite in the 
core structure. This condition would be difficult to 
pick up by means of hardness test due to the soft 
ferritic skin. This casting tested 149 Bhn. 

Figure 12 illustrates incomplete first- and second- 
stage annealing. Note the presence of primary carbide, 


coarse pearlite, and a sprawly nodule shape. This 
effect is caused by nonstandard chemical analysis of 
the iron. 

Figure 138A shows the occurrence of shrinkage in 
hard iron. Note the characteristic dendritic pattern 
of the primary carbide. The general resistance of 
shrink areas to normal annealing is illustrated in Fig. 
13B, as shown by the presence of residual pearlite. 
Residual carbide may also be present. Shrinkage is 
fundamentally a feeding problem and does not result 
from variations of heat treatment. 
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Fig. 10—Structure resulting from incomplete first-stage anneal- Fig. 11—An example of structure resulting from incomplete 
ing. Nital etch. 500. second-stage annealing. Nital etch. 100. 


Fig. 12—Structure resulting from incomplete first-stage and second-stage annealing. 
Primary carbide, coarse pearlite and a sprawly nodule shape are shown. Nital etch. 
x<500. 
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A—Nital etch. 500. B-Nital etch. «100. 


Fig. 13 A and B—A shows the occurrence of shrinkage in hard iron. B—General resistance of 
shrink areas to normal annealing is shown by presence of residual pearlite. 


A—Unetched. 100. B—Unetched. 100. 
Fig. 14 A and B—Phenomenon of mottle in hard iron (A), and in annealed iron (B). 
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A-—X100. B—X500. 


Fig. 15 A and B—These photomicrographs illustrate the effect of low manganese on the re- 
sulting annealed structure. 


Fig. 16—This photomicrograph shows a hard iron crack. The crack tends to follow the inter- 
face between primary carbides and pearlite. Nital etch. 500. 
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Fig. 17—The photomicrograph shows a crack in hard iron Fig. 18—Illustration of a “so-called” crack which does not show 
which aligns itself to voids having the appearance of shrinkage. the continuous separation of metal. Unetched. «100. 
Nital etch. 100. 


A—Nital etch. «100. B—Nital etch. 100. 


Fig. 19 A and B—Effects of preheating hard iron 5 hr at 700F. A—Normal microstructure with- 
out preheat treatment. B—Increased nodule formation resulting from addition of pre-anneal 
treatment. 
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Figures 14A and 14B illustrate the phenomenon 
of mottle in hard iron (Fig. 14A) and in annealed 
iron (Fig. 14B). Mottle is the precipitation of flake 
carbon on freezing in the mold and its presence does 
not relate to heat treatment. Because of its depletion 
of combined carbon in hard iron, the structure syr- 
rounding the mottle frequently does not respond com- 
pletely to normal heat treatment, as shown in Fig. 
14B. Islands of residual cementite are clearly evident 
in the unetched structure. Mottle is always injurious 
to the mechanical properties of the casting. 

Figures 15A and 15B illustrate the effect of low 
manganese on the resulting annealed structure. The 
carbides appear quite coarse, and result from in- 
adequate second-stage annealing since the primary 
carbides have been completely dissolved. Manganese 
content is 0.33 per cent and the sulfur is 0.128 per 
cent. An increase in the manganese to 0.38 per cent 
would have permitted a normal annealing response. 

‘Figure 16 shows a hard iron crack. Note the tend- 
ency of the crack to follow the interface between 
the primary carbides and pearlite. This crack extend- 
ed less than 1/32-in. and was apparently caused by 
high internal stress in the casting. 

Figure 17 shows a crack in the hard iron which 
aligns itself with voids having the appearance of 
shrinkage. There is a pronounced tendency for the 
crack to align itself in the orientation of the den- 
dritic cementite pattern. 

Figure 18 illustrates a so-called “crack” which does 
not show the continuous separation of metal. Such 
defects are noticed in fluorescent-penetrant inspection. 
Along the “crack” interface, nodule count is extremely 
high. This condition is presumed to have been caused 
by the high internal stresses which produced the 
crack. 

Figures 19A and 19B show the effects of preheating 
hard iron 5 hr at 700 F. The chemical analysis and 
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heat treating cycles of both specimens are identical. 
Figure 19A shows the normal microstructure without 
preheat treatment, Figure 19B shows the increased 
nodule formation resulting from the addition of the 
pre-anneal treatment. 


CONCLUSIONS 


The illustrations contained herein are not intended 
as standards, but may be used as guides. They are 
representative of good normal practice, with some 
metallurgical defects included. 

No attempt has been made to answer involved 
specialized problems in any phase of malleable iron 
heat treatment. 

As originally indicated, no claims are made for this 
collection of photomicrographs to be a complete trea- 
tise on all of the metallurgical troubles which can 
beset the malleable iron foundry. Of course, troubles 
may always arise in any foundry from peculiarities of 
behavior of individual pieces of production and con- 
trol equipment. In general, we have tried to avoid 
consideration of the type of structure resulting from 
“freak” conditions occurring in a single plant. 

Ferritic malleable iron is an established engineering 
material of well-known properties and application. It 
has characteristic edge structures and core structures. 
These we have shown with the variations and ex- 
planations for the variations. Some of the variations 
are significant, some inconsequential. It is exactly on 
this difference that the focal point of this paper rests. 
To those not too familiar with the details of manu- 
facture of malleable iron, the structures shown in this 
presentation may act as a guide. They are not in- 
tended as standards but are representative of what 
may happen in normal practice. They do show some 
of the defects which may develop when the process- 
ing goes out of metallurgical control. 
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THE PARLANTI MOULD PROCESS 
FOR THE 
CASTING OF METAL BY CONTROLLED RATE 


OF 


HEAT TRANSFER 


By 


Dr. Conrad A. Parlanti* and Rodger D. Veneklasen** 


INTRODUCTION 


The Parlanti Mould Process comprises a method of 
controlling the even-cooling of a cast mass in order to 
obtain optimum physical test figures in castings at 
least comparable to the test bar figures expected from 
any particular alloy. Until now the philosophy in the 
foundry has been to search for alloys that would lend 
themselves to the variable conditions brought about by 
the design of the part and to ascertain possible proc- 
esses to cast such parts. 

It is one thing to think in terms of alloys in test 
bars, billets or ingots that will give good physical test 
results. But one has to bear in mind also the effect 
of the process of casting upon such metal by taking 
into account the inequalities of the metal mass brought 
about by the peculiar design of the part to be cast. 

Let us compare briefly sand and permanent mold 
castings. In sand castings, as in all castings, we have 
to contend, first, with the heat carried in with the 
molten metal; and, second, with the filling of the 
mold cavity with this flow of energized mass. This 
mass has to settle and cool off from a liquid to a solid 
state. The metal gives off this heat which varies in 
proportion to its own cubic content of retained heat. 
As the heat is given off by the molten metal, it is 
refracted back by the sand grains. The amount of 
refracted heat will depend, first, on the heat produced 
from the flow of molten metal; and, second, on the 
heat contained in the varying sections of the casting. 

Risers can help the variations in contraction, but can 
not promote even solidification because the refracted 
heat deviates according to the section volumes of the 
cast mass. By relating physical test bars taken from 


*President and **Chief Metallurgist, Niforge Engineered Cast- 
ings, Inc., Boston, Mass. 
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these differing sections, the effect of this unbalanced 
cooling rate will be shown. Comparing the phase dia- 
grams for the various alloys will also give further 
proof of this effect. 

What about permanent molds? In this case the mold 
is saturated with heat at certain sections in an attempt 
to even the cooling rate proportional to the variation 
in the cubic volume of the casting. By doing so the 
time of cooling is lengthened. By this means it is 
possible to even out the stresses imposed on the part 
because of this applied heat, and at the same time, 
pass the mass of metal required for the riser through 
the body of the mold. This results in a temperature 
drop in the riser, compensated for by the temperature 
increase of the mold. On cooling from a liquid to a 
solid state, the cast mass is left to the mercy of its 
inequalities of cooling, depending on the configuration 
of the cast mass. Again the inadequate results of this 
method can easily be seen by taking tensile test bars 
from the various parts of the casting. 

Now, what is the best way to deal with this problem 
of transferring heat from the cast mass in as fast, but 
yet, as balanced a manner as possible? The first cri- 
terion is that the mold material obviously must have 
a good and equal rate of heat conduction. It must 
also be easily machined and protected as much as pos- 
sible from heat absorption. What materials are avail- 
able? Most common are copper, aluminum, magnes- 
ium and silver. The cooling curves shown on Fig. 1 
suggest aluminum, when anodized, as the most suit- 
able. 

Even with no heat applied to the mold, it can read- 
ily be seen how well the cooling of the cast mass 
responds to the variation in the thickness in the mold. 
This difference is brought about by the mold’s require- 
ments to meet the design specification of the part to 
be cast. 
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Fig. 1 — Cooling rate of various metal mold materials. 


With these cooling requirements, which can be 
measured and adjusted to an even finer point by addi- 
tional cooling fins on the mold and/or by differences 
in anodizing, the required amount of feed necessary 
to complete the job can be determined. 

Once mold conditions are set, specific alloys may 
be designed for specific uses. The resultant casting 
will respond to the even cooling rate and reproduce 
the physical figures obtained in the simple casting, 
such as a test bar. Table 1 shows how a properly 
designed, anodized, aluminum mold can deal with 
these casting problems. 


TABLE 1 — MECHANICAL PROPERTIES OF 
ALUMINUM CASTINGS 





Yield 
Nominal Tensile strength, Elon- 
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195 4.5 Cu Treated Permanent 45-48,000 40-45,000 1-2 
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Treated I Anodized® 55,000 45,000 6-8 


eat 
Treated II Anodized® 40,000 32,000 15 
*Parlanti: Mould Process 








CAUSE AND EFFECTS 


Before discussing the effects of the Parlanti Mould 
system on a casting, first examine the causes that 
produce these effects. The mold is made of aluminum, 
which is anodized; and the rate and flow of heat 
conduction through this mold depends largely on the 
mold construction. Producing the mold from a sand 
casting is one way to make it. Permanent molding the 
die section is another way. Machining from a billet 
is still a third method. The ratio of heat conduction 
is, naturally, affected by the method selected. The 
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anodizing must also be taken into consideration. The 
aluminum alloy and method chosen will obviously 
have for its anodizing an electrolyte current density 
and temperature best suited for its particular rate of 
heat conduction. These points will be discussed more 
fully in a later section. 

In short, the process makes use of the high-thermal 
conductivity of aluminum to control both the direction 
and the rate of heat transfer from the molten metal. 
The aluminum mold and the face which comes in 
direct contact with the molten metal is deeply ano- 
dized. The anodized layer, essentially AleOs, has a 
melting point over 3700 F. It is also hard, and, there- 
fore, resistant to erosion and wear, making possible 
repeated use of the mold. The anodized film, being 
a refractory with low thermal conductivity, momenta- 
rily checks the flow of heat from the metal as it is 
poured, keeping it from freezing too rapidly. This 
film also acts as a barrier enabling the mold to con- 
duct the heat to the inner faces of the mold at a 
regulated rate without any great heat absorption in 
its own mass. 

Thus the outer face of the mold is able to radiate 
the heat away from the mold at a faster rate than 
the heat is conducted through the mold. Combining 
these factors—the anodized inner film, the aluminum 
body, and the outer anodized film—all act in sequence 
to give a heat flow regulated the same way as one 
might adjust a valve for liquid flow. 

As a net result, the first metal to enter the mold is 
the first to freeze. So controlled pouring produces pro- 
gressive solidification of the part from the bottom up, 
the last metal to freeze being the header. Pouring 
can be rapid, but within the bounds necessary to elimi- 
nate turbulence. The solidification process results in 
a dense casting, while the high cooling rate produces 
fine grain, both of which contribute to improved me- 
chanical properties of parts produced by this system. 

The Parlanti Mould Process, then, is in contradiction 
to the low-thermal conductivity of molds made by 
sand, plastic and investment casting processes. In the 
latter cases, the mold material by its very nature pre- 
vents the start of metal solidification until the casting 
is completely poured. Even after the metal has filled 
the mold, heat dissipation is slow, with solidification 
starting at the skin of the casting and proceeding in- 
ward. This gradual solidification tends to promote the 
formation of large grains and dendritic structure. The 
metal next to the mold is the first to cool and this 
metal then becomes stronger as the temperature falls. 
At the same time the metal is shrinking. By the 
time the metal at the center of a heavy section solidi- 
fies, there is more space than it can fill, voids occur, 
and sizable cavities can result. Properties at the heavy 
sections are invariably lower than those at or near 
the skin. 

All test bars by the Parlanti Mould Process are ma- 
chined to 1/2-in. dia. gauge section from bars rang- 
ing in diameter from 1-1/4 in to 1-1/2 in. and 
all test figures quoted by Niforge are based on this 
type of test bar. More valid figures are obtained from 
the inner core of the cast mass than the misleading 
figures obtained on a cast bar with a tenaciously 
hard skin which is quite frequently machined off or 
cut into. 
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EFFECT OF THE SYSTEM 


In discussing the casting of metals at a controlled 
rate of heat transfer, it is important to think in terms 
of the optimum conditions necessary to adequately 
feed a solidifying mass of cast metal. This, of course, 
is as necessary to guarantee a satisfactory result as is 
the controlled rate of heat transfer. This adequate 
feed is the heart of the Parlanti Mould Process. 

Thinking in terms of a contracting mass of a plane- 
tary system, stresses must be held to a minimum and, 
more important, no segregation of the mass should 
be permitted. This can best be done by supplying 
adequate feed to the cast mass. The feed must, of 
course, be at a higher temperature than the cast mass 
and in a position where its contact with the cast mass 
is adequate. The mold condition and the feed condi- 
tion go hand in hand. They must be considered to- 
gether. For this purpose it is important to consider 
three factors: 1) the necessity of providing a proper 
ratio of the volume of the feed cavity to the volume 
of the casting cavity; 2) the necessity for avoiding 
constriction between the feed cavity and the casting 
cavity; and 3) the necessity of having the transverse 
sections of the feed cavity increase in area away from 
the casting cavity. 

The effect of this feed vs casting ratio can be 
seen by the test results of identical bars, machined 
out of test castings and subjected to identical stand- 
ard procedures for determining ultimate tensile 
strength and percentage of elongation. The test cast- 
ings were not heat-treated but were analyzed in the 
“as-cast” condition. Fig. 2 shows the results obtained 
in each test. 

Specifically, the mold used in casting the test sam- 
ples was of an anodized aluminum alloy. The casting 
cavity remained identical in each test but the feed 
cavity was altered in tests No. 4, 5, 6 and 7 to prove 
the importance of the correct positioning and extent 
of the feed. 

In ail tests, the volume of the casting cavity re- 
mained the same, approximately 8.5 cu in. In test 
No. 1 the volume of the feed cavity was approximately 
18 cu in. and, when filled with metal to the level 
shown, it contained 17 cu in. corresponding to excess 
of the minimum expressed ratio. 

Tests No. 2 and 8 were designed to prove the pro- 
gressive deterioration of the cast metal originating 
from a decrease in the minimum ratio of the volume 
of the feed cavity to the volume of the casting cavity. 

In these tests the conditions were precisely the 
same as in test No. 1 except that the volume of the 
feed cavity was decreased. Actually, for convenience 
in making test No. 2, the feed cavity was filled to 
approximately half of its capacity. While in test No. 
3 the feed cavity was filled to roughly 1/8 its capacity. 
Thus, in test No. 2 it was estimated that the feed 
cavity contained approximately 8.5 cu in. of metal, or 
a ratio of about 1 to 1 with respect to the volume of 
the casting cavity—while in test No. 3 it was estimat- 
ed that the feed cavity contained close to 6 cu in. of 
metal or, nearly, in a ratio of 0.75 to 1 with respect 
to the volume of the casting cavity. 

Test No. 4, 5, and 6 were designed to prove the 
progressive deterioration of the cast metal under con- 
ditions in which the cross sectional area of the casting 
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Fig. 2 — Effect of varying the feed metal supply on the phys- 
ical properties of aluminum. 


cavity immediately adjacent the exit aperture from 
the feed cavity was larger than the area of the sand 
aperture. 

In test No. 4 a ring “R” provided with a passage- 
way “C”, having a diameter of 1 in. extending through, 
was inserted in the feed cavity, thereby reducing the 
area of the exit-aperture from the feed cavity. This 
resulted in the cross sectional area of the casting 
cavity immediately adjacent the exit aperture now be- 
ing larger than the area of said aperture. The volume 
of the ring was approximately 4 cu in., so that when 
the feed cavity was filled to the limit indicated, the 
metal content in the feed cavity was approximately 
13 cu in. Thus the ratio of feed cavity volume to cast- 
ing volume was still in excess of 1 to 1. However, as 
shown in the above tabulation, there has been a seri- 
ous deterioration in the physical characteristics of 
the metal which can be attributed only to the reduced 
area of the exit aperture. 

Tests No. 5 and 6 showed the progressive deteriora- 
tion which occurred as the size of the exit aperture 
was decreased further. In test No. 5 the conditions 
were precisely the same as in test No. 4 except that 
the dia. of the passageway “C” had been reduced 
to 0.75 in. As shown in the tabulation, the metal 
of the casting was virtually worthless since the 
tensile strength was extremely low and there was no 
measurable elongation. 








In test No. 6 the conditions were precisely the same 
as in test No. 4 except that the dia. of the passage- 
way “C” had now been reduced to 0.5 in. As shown 
in the tabulation, the metal of the casting was vir- 
tually worthless as the tensile strength was extremely 
low and there was no measurable elongation. 

Test No. 7 was designed to prove the deterioration 
of the casting, resulting from a condition in which 
successive transverse sections of the feed cavity im- 
mediately adjacent the casting cavity did not increase 
in area progressively away from the casting cavity. 
In this test a ring “R”, having a tapered passage “C”, 
was inserted in the feed cavity. The passage “C” 
had a dia. of 1.5 in. at the bottom, a width of 
1 in. at the top, and a length of 1.5 in. In this case, 
the feed contained approximately 8.5 cu in. of metal, 
or about the same amount as in test No. 2. As you 
can see, the ultimate tensile strength and elongation 
figures of this casting were again lower than in case 
No. 1. 

Summarizing the effect of the Parlanti Mould Sys- 
tem, you will note the advantages of a mold giving 
a controlled ratio of heat transfer. It must also be 
accompanied by adequate feeding and the correct 
positioning of feed in order to obtain the very desir- 
able higher strength figures in a casting. 

As a typical example of the results of this system, 
a lever was cast in 195 alloy, an aluminum alloy con- 
taining 4 per cent copper. Figure 3 gives the physi- 
cal properties of the casting. 


























Fig. 3— Sketch of “lever” casting showing location of test 
bars cut from it for physical testing. Casting is 10-3/4 in. 
long. Results of tests are as follows: 





























Ultimate tensile Elongation 
Test bar strength, psi % in 1 inch 
1 51,000 16 
2 54,800. 16 
3 54,200. 13 
4_ 52,500. 12 
5 52,200 14 
6 56,100. 16 
7 50,000. 16 
Test bar from % in 2 in. Yield strength, psi 
Melt heat treated 47,100 13.5 27,400 


MECHANICS OF THE SYSTEM 


As the Parlanti Mould Process has evolved from the 
foundry’s needs for lessening its existing variable 
conditions, it was quite natural that the mechanics of 
the process should utilize all methods known to the 


foundry. 


Parlanti Mould Process 


The process employs three basic methods of mold 
manufacture: 1) making a pattern of the mold and 
2) making a metal pattern and casting metal around 
it as though by the permanent mold method, or 3) 
machining directly from a billet. 

Experience has proven that of these three, the 
sand technique is the least satisfactory because of 
porosity. There are, of course, other techniques which 
can be used—such as a combination of all three meth- 
ods; or, in production, by making a series of permanent 
molds, one for each section of the mold, and by this 
means casting numbers of molds (called a maternal 
mold. ) 

What about cores in the process? These can be 
solid as in normal permanent mold methods or hollow 
for further increasing the rate of heat transfer. They 
can be extended and finned or, as in some cases, can 
be used to subdivide a heavy section. In other cir- 
cumstances heavy gauge wire can be used. (These 
types of cores can be kept cool during the pouring 
operation or they can be, as in the case of casting 
steel, used as expendable cores.) With the normal 
type of core, the best means of production is to ma- 
chine, or otherwise produce, a metal core box and 
then cast into it as many cores as may be required— 
again, a maternal mold. 

There is yet another form of core—the type used 
for wave guide castings where smooth bore and accu- 
rate dimension is of paramount importance. This 
type of core can be used where no draft can be 
considered. This is arranged by machining a piece of 
heat-resisting or low-expansion iron. By carefully pol- 
ishing this core and using care in vacuum dehydrating 
the surface, before its contact with molten metal, ex- 
cellent surface definition can be obtained. The core 
is removed from the casting by a heat shock tech- 
nique. Many castings have been made by this system. 
Surface finish of 16 microinches has been obtained 
and deviation of less than 0.00085 in. per in. has been 
measured. 

The cores, when aluminum, are anodized the same 
as the molds. Anodizing may be done with any of 
the known electrolytes and suitable current density 
systems. The selection of these will depend on the 
type of alloy used for the molds. For the Parlanti 
Mould Process it has been found best to keep to one 
alloy for the molds. Primarily, the silicon series is 
used and of these the low expansion type of silicon 
alloy—12 per cent Si, 1.2 per cent Mg, 2.5 per cent 
Ni and 8 per cent Cu is preferable. For this metal 
we use the Eloxal process of anodizing—6 per cent 
oxalic acid in 15 per cent H2SOs. The anodized layer 
is essentially Al2Os, a 16-faceted crystal. It has a melt- 
ing point exceeding 3700 F and a hardness of 9.4 
on Moh’s scale and is similar in structure to a ruby. 

Jigs, fixtures and the mechanics of mold operation 
are primary considerations in the operation of the 
process. As will be seen later, the casting of some 
steels requires that the casting be removed and 
quenched as quickly as possible before the transfor- 
mation temperature has been reached. For this, quick 
opening clamps are regularly used. When large pro- 
duction is required, methods such as conveyer line 
or rotary tables with multiple stations can be substi- 
tuted. 
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It has been concluded erroneously that these ano- 
dized aluminum molds would distort with continued 
use. It is true that, if the design of the mold is not 
based on “sound knowledge” of the effects of heat 
conduction and radiation, this quite likely might be 
the case. Please note, however, that an aircraft engine 
which was used so successfully and extensively during 
the war, was fitted with aluminum pistons, as were 
many other types of engines. These pistons received 
an enormous thermal shock load many thousands of 
times per min. The crown of the pistons became 
very hot in spasms; but because they were correctly 
designed, they did not distort. In fact, they worked 
for many hours at very heavy loads. 

It is assumed, therefore, that without the diligent 
care given to an aluminum piston, serious problems 
might have arisen. With the same constructive think- 
ing in physics, as in the piston design, certain prin- 
ciples can be applied and the presence of warpage 
and/or distortion can be eliminated. 

For this, it is important to first know the ratio and 
degree of heat conduction the metal of the mold in 
its cast form is capable of handling; Secondly, to 
know the variations in the volume of the casting it- 
self, the cubic caloric content of the mass; and finally 
the requirements for balancing the projected cooling 
rate. One can readily see that the outer shape of any 
casting begins to design itself with the imposition of 
heat conduction on the mold. This heat contained in 
a mass can be calculated quite accurately by drawing 
a center line through the cast piece and noting the 
effect of the disposition of varying thicknesses, and 
the need for further outside adjustment of the radiat- 
ing surface. 

It must be quite apparent that, when talking of 
heat conduction and radiation, the sections thus in- 
volved must be at least equal in thickness to withstand 
the rate of the heat load imposed upon them. This, 
then, will help again to minimize any small amount of 
distortion which may be found within the mold. 

By way of further illustration, a steel capstrip cast- 
ing was made for the aircraft industry, and mold dis- 
tortion was found in the first casting trials. The ends 
tended to rise and gave short dimensional life to the 
mold. By the insertion of thermocouples, the heat 
flow was measured along the length of the mold. By 
calculations based on these measurements four recesses 
(fins) were machined into the length of the mold. 
This extra surface area and reduction of thickness at 
the corners balanced the rate of heat conduction 
and radiation with the result that distortion was elimi- 
nated. Many further castings, in 4340 steel, were made 
with that particular mold. This same fin configuration 
was repeated in subsequent molds until the job was 
concluded. 

Summarizing the mechanics of the Parlanti Mould 
Process, the molds are suited admirably to the parts 
where physical structure of the metal is of prime 
importance and close dimensions, such as are sought 
in lost wax or allied systems, are of secondary con- 
sideration. After the structural demands have been 
met, attention to fine tolerances, if required, can be 
given to the piece. (This is simply a matter of me- 
chanical skill and application of known tool-room prac- 
tices.) After prototyping to the designer’s satisfaction, 
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molds can be produced by the permanent mold meth- 
od, or by the die casting system, for parts or cores, 
and many thousands of parts can be made in a 
very short time. With careful control over metal melt- 
ing and heat treatment, all the castings produced 
within inspection tolerances will meet the physical 
figures of the prototype. 


APPLICATIONS 


The Parlanti Mould Process is applicable to all light 
alloys, cast irons, and steels. 


Light Alloys 
The alloys in aluminum found best suited are those 


based on the 5 per cent Cu series (195). If the 
phase diagrams are followed and the cooling range 





Fig. 4— Typical aluminum castings made by the Parlanti 
process. 





Fig. 5 — “Lever” casting showing the finished piece, casting 
with the header, and Parlanti Mould in background. 





Fig. 6 — Hollow aluminum ball, alloy 195, with 3/8-in. wall 
thickness cast by the Parlanti process. 





Fig. 7— AZ91C magnesium turbine housing casting showing 
trimmed part, casting with header, and mold in background. 
Part in right foreground was machined to 1/8-in. thickness 
to prove soundness. 





figured accurately, some quite excellent physical fig- 
ures may be obtained. Figures of 35,000 psi ultimate 
tensile strength and 12 per cent elongation have been 
obtained in the as-cast condition. When heat treated 
and aged, values were raised to 55,000 psi ultimate 
tensile strength and 10-12 per cent elongation. 

The heat treatment techniques normally quoted for 
these alloys must be changed in the Parlanti Mould 
Process. What is essentially produced by this process 
in the as-cast condition is a fine-grained and partially 
heat-treated structure with characteristics that will al- 
low development of still better properties on further 
heat treatment. The heat treatment consists basically 
of shortening the time in the solution phase and leng- 
thening that of the aging cycle. 

The process is well suited also to most of the alumi- 
num light alloy group designed for working at elevat- 
ed temperatures. The aluminum alloys of the silicon 
family are not favored as highly for castings because 
they are difficult to control in production melting. 

The process is especially adaptable to magnesium, 
and very interesting physical properties have been 
observed with this metal. Again, heat treatment times 
have to be changed. Under normal conditions in 
AZ9I1C, 4-6 per cent elongation was obtained easily 
in the as-cast condition. 

Magnesium alloys respond satisfactorily in this proc- 
ess—including those for high temperature applications 
with zirconium, thorium, or other rare earth additions. 
The controlled cooling action prevents segregation or 
migration and agglomeration of the alloy additions. 

In general, for both aluminum and magnesium melt- 
ing, the procedures are the same as utilized in most 
foundries. The control of melting temperatures, the 
proper degassing, the checking with the Pfieffer test, 
and the temperatures and techniques for pouring are 
of paramount importance. The quality of the metal 
and the way it is poured into the mold are factors 
which must be rigidly controlled in any foundry. The 
extra value of the anodized aluminum mold is seen 
after the metal has been poured into it. 


Cast Iron 


Either an easily machinable gray iron structure or 
a hard, white abrasion-resistant structure can be ob- 





Fig. 8 — Four castings shown include: motor oT in 
410 stainless (background); hook shaped piece temper- 
ature alloy bent as-cast; super hard blade for blast cleaner 


(right foreground); and casting from which expendable alu- 
minum core was removed (left foreground). 


tained by regulating the rate of heat transfer through 
the mold blocks. 

Nodular irons are particularly suitable for this proc- 
ess, and some quite remarkable figures have been ob- 
tained. 


Steel 


Great care must be given to the design of steel 
casting in this process. Severe changes in section thick- 
ness must be watched in design. Attention must be 
given to correct fillet radii and tapers. Generally speak- 
ing, these variations should have generous tolerances. 

Speaking of the suitability of steel to the Parlanti 
Mould Process, the following is quoted from a report 
of a metallurgist for a well-known company, who 
wrote after visiting our development foundry, “While 
watching a pouring of type 410 stainless steel in their 
experimental foundry, it was interesting to note that 
the red hot casting was taken from the mold less than 
15 seconds after pouring was completed.” 

The capstrip of 4340 steel referred to earlier, was 
cast in the anodized mold. This casting was poured 
also at upwards of 3000 F and removed from the mold 
in about 20 seconds. 


Copper Alloys 

Very little work has been done on the copper alloys, 
and until these alloys have been tested in some detail, 
little can be said about the application of the process 
to them. 


Vacuum Techniques 


Vacuum techniques are used by the process both 
for melting and for casting. In producing high quality 
castings, the technique calls for the exclusion of air 
from the mold which is itself enclosed in a metal con- 
tainer connected separately to a vacuum pump. The 
container’s top is sealed by a thin sheet of metal 
made from the same alloy to be cast into the mold. 
The mold is held to the underside of the sealing 
sheet by spring pressure. The runner box, or launder, 
is located on the top of the plate, and clamped down 
to form an airtight seal when the metal enters. As the 
metal is poured, the sealing sheet at the top ruptures 
at a prearranged striking point of the cast metal, 
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and allows the metal from the crucible to flow into 
the mold without admission of air. 


Design 

It is almost impossible to make specific statements 
about the design of castings for this process. Generally 
speaking, however, parts to be cast by the Parlanti 
Mould Process are designed more like forgings than 
sand castings. But with this method, more precision of 
detail and greater intricacy of shape will be obtained. 
Cores must have a minimum taper of 3 degrees. Paral- 
lel cores are possible. They do increase the cost of 
the casting because special provision must be made 
to permit core movement as the casting contracts on 
freezing. If the part is in cast iron, steel, or another 
metal with a melting point considerably higher than 
aluminum, a disposable aluminum core may be used. 

It is most essential that re-entrant angles or sharp 
changes of sections be avoided as these not only pro- 
duce resistance to normal contractions but also induce 
thermal gradients by virtue of the Leonard effect. The 
use of fillets at such points will not allow for more 
normal contraction by a streamlining effect, but will 
eliminate notch effects and equalize thermal gradients. 
Similarly, the location of heavy masses or sections of 
metal adjacent to thinner portions will give rise to 
thermal gradients producing internal stresses through 
unequal contraction in these parts of the castings. The 
introduction of members connecting parallel portions 
of the castings and the partitioning of castings into a 
number of compartments are design features which 
should be avoided, if possible, as free contraction of 
the castings’ individual parts cannot occur under those 
limitations. 

In all questions of design it is most important to re- 
peat that adequate feeding of heavy sections be effect- 
ed; otherwise, internal porosity in the form of piping 
or center line shrinkage will develop. 

In summary, when the engineer, designer, and met- 
allurgist work closely together to eliminate the design 
dangers mentioned above, the process will adequately 
meet all the needs for physical properties in a casting 
well above those obtainable at present standards. 


FUTURE 


As pointed out in this discussion, the Parlanti Mould 
Process is based on the premise, that by controlling 
the rate of heat transfer and satisfactorily feeding the 
casting mass with sufficient liquid metal until the cast- 
ing requires no more metal for its contraction, a 
high quality casting of superior properties will result. 
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This, in effect, is not a new system but the further 
evolution of foundry techniques. This process has been 
used in the making of billets and ingots for quite 
some time. Why not apply it to a shape which more 
nearly approaches the designer’s requirements for the 
finished product? Is that application logical or not? 
Is this method a step in the right direction? These 
questions are left with you to consider. This dis- 
cussion has been an attempt to pass along to you 
some of the Parlanti “know-how”, and to show you 
its varied applications and the problems it can solve 
in many metals. 

What about new applications? The time is foreseen 
when all ingot before melting is subjected to vacuum 
techniques. The Parlanti Mould system of vacuum 
casting can then be enlarged in scope to a conveyor 
system of separate chambers. 

The application of this system is visualized for ti- 
tanium and molydenum casting. These molds have 
been used successfully to accept molten metals at 
temperatures up to 3600 F. There is no reason to 
believe they would not be operable also for these 
valuable high temperature metals. 

Several titanium castings have been poured into a 
Parlanti Mould. The surface of these castings was 
excellent, no contamination found and the mold was 
unaffected. The physical properties determined in pre- 
liminary tests indicate good metal. Even with the 
incomplete results obtained so far, the Parlanti Mould 
will provide a successfully reproducible method for 
some titanium castings. 

It is predicted that the process will be used by 
metallurgists in the further study of phase diagrams 
of alloys to control the arrest point in phase develop- 
ment and not leave it to the more or less haphazard 
end results which are so frequently the case at pres- 
ent. In fact, the process will allow you to control the 
physics of alloy design to its very completion, giving 
the optimum results possible. 

All this in the foreseeable future, in turn, must 
benefit the designer and so help him meet some of 
the modern requirements of high speeds and, conse- 
quently, high stresses. This factor becomes especially 
important for castings required to give high physical 
figures at high temperatures. 

Again, you must understand, the Parlanti molds will 
not in themselves do all these things, but properly 
engineered, they will enable you to more nearly meet 
your needs. 

The Parlanti Mould Process is not a universal cure- 
all to casting problems, but it is your tool to enable 
you to solve a number of them! 











EXPERIENCES IN NON-FERROUS DIE CASTING 
DIE & PERMANENT MOLD LIFE 


By 


G. Otto* 


Die and mold life in the foundry is a vitally im- 
portant factor at Maytag Co. To carry the thinking 
one step further, die cost per piece cast translates 
die life into dollars and cents. 

This is the method used to arrive at die cost. 
Actual die costs are collected by our tool service 
department on a “Revise and Recondition Die Record” 
card illustrated in Fig. 1. In this form, normal cost 
covers those incurred through normal use such as 


*Plant Metallurgist, Maytag Co., Newton, Iowa. 
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cleaning and replacement of worn segments and cores. 
Revised costs refer to blueprint changes to the die. 
Abnormal costs refer to die repair due to malpractices 
which may damage the die. These costs are gathered 
from maintenance work orders. An “Annual Parts Pro- 
duced Record-Foundry”, Fig. 2, shows the good parts 
produced per year. Information for this record is 
obtained from production department records. 
These two records are consolidated into one record 
referred to as “Summary of Maintenance and Die 
Cost Revision-Foundry”, Fig. 3. These records are used 
to study the effect of die changes on the die per- 
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Fig. 1—Actual die records are fur- 
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Fig. 2—Annual records are furnished by production department. 


nished from tool service depart- 
ment and cover costs incurred 
through normal use. 
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Fig. 3—Summary shows effect of die changes on performance. 
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formance. The normal maintenance cost per piece 
used by management to effect less expensive foundry 
operations. 

In order to obtain what might be called “normal 
die life” several factors such as die maintenance, die 
lubricants, die material, mold coatings, etc., contribute 
greatly to die life. 

The type of die maintenance which is the most 
repetitive is that due to soldering of aluminum to 
the steel die. It has been observed that the less the 
draft on dies, the more severe is the soldering. It is 
preferred to work with drafts of 3 deg or more on die 
casting dies. Dies with this large a draft would last 
much longer than some dies which have to be built 
with dafts of 1/2 deg. 


DRAFT AFFECTS SOLDERING 


The practice in removing soldered aluminum is to 
mechanically abrade the foreign aluminum and fol- 
low this with a polish. Recently experiments have 
been made with strong alkali cleaners. The indications 
here are that all aluminum is removed except for the 
iron rich layer next to the die. This has to be removed 
mechanically. The next most serious die maintenance 
problem is that of bending and breaking of ejector 
pins which are of a small size, as 1/8-in. 

The practice for the last several years to specify 
S.A.E.-A.LS.I. H-13 hot work tool steel for aluminum 
and zinc die casting dies. These dies are hardened 
to a Rockwell hardness of “C” 44-48. This seems to 
be almost an industry standard. However a cast iron 
material has been used on permanent molds. 

Dissatisfaction with short life due to cracking of the 
mold prompted use of the H-13 die steel on a new 
design of casting which went into production about 
two years ago. Due to the general flat shape of the 
casting, it was possible to use forged shapes of steel 
to construct this particular mold rather than a cast- 
to-shape mold. This mold was not hardened. This 
hot work steel has lasted twice as long as the cast 
iron mold and is still running. It is intended to use 
cast-to-shape hot work steel as a replacement for 
cast-to-shape cast iron molds. 


DIE WELDING REPAIR 


For die cast die welding repair, stainless steel (300 
series) rod is used. This rod was selected for two 
reasons: its compatability with the parent metal and 
the fact that it will work harden to give good wear 
resistant properties. 

There is a long way to go in the die welding pro- 
gram and currently work is being done on die pre- 
heat facilities and the use of welding rod of the same 
composition as the die itself. The major trouble with 
welded dies is the gas porosity which forms in the 
bead. When this happens, nothing can be done but 
grind the defect out and reweld. Fig. 4 shows a 
photomicrograph «i the weld-parent metal interface. 

Some time ago a die designed for aluminum was 
converted to zinc. In order to obtain the proper weight 
zine casting it was necessary to build up the male 
portion of the die with 1/32-in. chromium plating. 





Fig. 4—Photomicrograph of weldment interface 500. 





Fig. 5—Chromium plated die repaired with stainless rod. 


Satisfactory parts have been produced from this die. 
However, some plate chipping did occur in drag areas 
and it was found necessary to repair the die by 
welding. Stainless steel rod was again used and the 
results have been surprisingly satisfactory, Fig. 5. 


WATER SPRAYING ADDS LIFE 


The mold coating and die lubricants used for per- 
manent mold work and die cast work have a very 
definite effect on mold life: Actually, coatings and 
lubricants are used for ease of casting release and to 
extend tool life. On permanent molds, a finite amount 
of material is built up on the molds to prevent actual 
contact of molten aluminum on the mold material. The 
mold coating practice for the last several years is to 
use proprietory materials which are diluted with water. 
A coated mold is shown in Fig. 6. This is the perma- 
nent mold made from H-13 die steel. 

For aluminum die casting work, proprietory com- 
pounds, diluted with a petroleum product, are used 
for a die lubricant. In addition to the conventional 
die lubricant just mentioned, certain dies are sprayed 
with water to cool the die and reduce soldering. This 
technique is used primarily where, due to die con- 
struction, it is not possible to effect die cooling with 
internal cooling lines. 





Fig. 6—Application of coating to aluminum permanent molds 
eases casting release and extends tool life. 


The temperature of the die plays a very important 
part of die life. The practice is to attempt to hold 
an aluminum die casting die at 400 F (204 C). If 
the die runs hotter, serious soldering is encountered. 
It is felt that this practice of water spraying contrib- 
utes a great deal to reduced maintenance costs and 
improved die life. This operation is shown in Fig. 7. 


Die Castings & Mold Life 


Fig. 7—Water spraying aids in controlling die temperatures, 
resulting in longer die life and reduced maintenance costs. 


Due to the nature of the company’s product, mil- 
lions of one type of casting are produced before 
design changes are made. It is anticipated that more 
than 250,000 good aluminum castings can be made 
per cavity and more than 500,000 good zinc castings 
per cavity. 




















FACTORS INFLUENCING THE RESISTANCE OF STEEL CASTINGS 
TO HIGH STRESS ABRASION 


By 


T. E. Norman* 


ABSTRACT 


The abrasion resistance of heavy section steel cast- 
ings has been studied by service tests on ball mill liners 
and by a short-time test procedure which correlates well 
with the results on actual liners. The short-time test has 
made it possible to determine the effects of many more 
variables in composition, structure and heat treatment 
than could ever be determined by many years of testing 
on actual liners. 

Martensitic, pearlitic and austenitic steels, mainly with 
high carbon contents, have been studied. In general the 
martensitic steels had better abrasion resistance than the 
pearlitic steels. A fairly wide range of abrasion factors 
is possible for each microstructure, depending on such 
factors as carbon content, austenitizing temperature, 
tempering temperature, alloy content and, for pearlite, 
the fineness and resultant hardness of the pearlitic 
structure. 

The austenitic steels gave the greatest range in abra- 
sion factors. This was dependent largely upon their com- 
position. Possibilities appear to exist for “lean-alloy” high 
carbon austenites capable of showing substantially better 
abrasion resistance than the conventional 12 per cent 
manganese, austenitic steel. 

The abrasion factors for the various steels which were 
studied apply specifically to the operating conditions in 
the primary grinding mills at Climax. Data from grinding 
tests on relatively pure minerals of different hardness 
indicate that the range in abrasion factors will normally 
be greater when grinding the softer minerals than when 
grinding quartz or other very hard minerals. 


INTRODUCTION 


Steel castings are frequently used in applications 
where parts rub together in a gritty environment to 
produce a form of wear known as “high stress” abra- 
sion. This type of wear has been discussed and clearly 
defined by Avery.! Cast steel suitable for such appli- 
cations normally must have a combination of good 
abrasion resistance, a certain degree of toughness, and 
adaptability to production and heat treatment in heavy 
sections. Cost and availability are also important fac- 
tors in the selection of a steel for these castings. 

Grinding mill liners constitute one of the more im- 
portant applications for steel castings which are used 





*Metallurgical Engineer, Climax Molybdenum Co. Denver, 
Colo. 
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Fig. 1—Interior view of a 13-ft diameter ball mill showing 
partially worn end and shell liners. 


under conditions of high stress abrasion. Most grind- 
ing of ores and non-metallic minerals is done in large 
rotating cylindrical mills containing a charge of balls 
or steel rods which pulverize the crushed ore by 
tumbling action. Severe abrasion, accompanied by 
varying degrees of impact, occurs in these mills. 

Figure 1 shows a view of the interior of a large 
rotary type grinding mill. This shows the “end” and 
“shell” liners in place together with evidence of their 
typical wear pattern. A set of liners in mills of this 
type will wear out in a period ranging from as little 
as two months up to several years. This service is 
governed by three major factors:(a) operating condi- 
tions, which includes type of material being ground; 
(b) liner design; and (c) abrasion resistance of the 
liner material. 

This paper deals with evaluation of the abrasion 
resistance of various types of cast steels which have 
been or might be used in grinding mill liners. The 
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principal basis for this study has been a program of 
evaluation on various liner materials which have been 
tested in the primary ball mills at Climax, Colo., over 
the past 20 years. Over 500 sets of liners have been 
worn out during this period. 


ABRASIVE WEAR IN BALL AND ROD MILLS 


The abrasive forces in ball and rod mills are largely 
of the “high stress” type. This high stress wear occurs 
when mineral particles are crushed between two sur- 
faces. Quartz and silicate minerals are the most 
common materials which produce the wear resulting 
from these abrasive forces. 

Some comprehension of the unit stresses involved 
can be obtained from the fact that quartz is capable 
of indenting or scratching the hardest types of steel. 
The unit stresses are therefore probably above 300,- 
000 psi. Such high stresses are, of course, confined 
to very small individual areas on the wearing surfaces 
at any one time. They are, however, apparently capa- 
ble of causing micro-spalling or fracturing of brittle 
constituents, such as coarse carbides, which may exist 
in the structure of some wear resistant alloys. 

High stress abrasion also occurs in industrial appli- 
cations other than grinding mills. This is particularly 
true in applications where dirt and grit are unavoid- 
ably trapped between two bearing surfaces, such as 
in conveyor chains and sprockets, open gears and ex- 
posed parts of earthmoving equipment. The results 
obtained in grinding mills may, therefore, show sub- 
stantial correlation with the wear which occurs in 
many of these other applications. 


TIME ELEMENTS IN WEAR-TESTING MATERIALS 


A minimum period of several years is normally re- 
quired to evaluate the merits of any one material for 
grinding mill liners. To speed up this investigation, 
the author has developed a “short-time” wear test in 
which liner materials are tested as large-diameter, 
marked grinding balls in the same commercial mills 
which use the actual liners. 

With this test, numerous variables in composition, 
structure or heat treatment can be compared in a 
single test, assuring that each test material is exposed 
to identical abrasive and impact conditions. This 
has permitted a study and comparison of many more 
variables in materials than could ever possibly be 
studied by full scale liner tests. This short time test 
has shown excellent correlation with full scale liner 
tests on those materials which have been studied by 
both procedures. The short time test has been and 
should continue to be especially useful in studying the 
effects of single variables in a particular type of 
material. It can be completed within a matter of 
a few weeks, and will yield more comparative data 
than could be obtained from many years of testing 
on actual liners. 


PROCEDURE FOR SHORT-TIME WEAR TEST 


The test procedure which was used for liner mate- 
rials is rather similar to a procedure developed and 
described? for grinding balls. The principal difference 
is that for liner materials, large size balls (usually 
5-in. diameter) are used so that their cooling rates 
during solidification and heat treatment are such that 
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they will develop structures similar to those in the 
heavy sections of liners having the same composition 
and treatment. 

Normally a group of three to four identical balls 
having an original diameter of 5 in. are made up to 
represent each specific material or each single vari- 
able in a type of material. In most cases the wea: 
rates on all balls in the same group are so closely) 
identical that a group of two balls would be sufficient 
to provide reliable results. 

After all balls within a group have received the 
desired heat treatment, they are given an identifica- 
tion mark consisting of two narrow notches about 
3/8-in. deep, which are cut into their surface at 
definite relative positions to each other. The notches 
are cut with an abrasive wheel and are either 1/8-in. 
or 1/16-in. wide. By placing the two notches at a 
definite spacing to each other and by using a combina- 
tion of 1/8-in. and 1/16-in. wide notches, a large num- 
ber of distinctive identification marks are possible. 
Spark testing may also be used as a means of further 
identification. As many as 30 different groups, each 
with a different identification, have been run at one 
time by this procedure. 

After marking, all of the test groups are “worn-in” 
by charging them all at one time into an operating 
ball mill. The test balls seldom constitute over 1 per 
cent of the total weight of ball charge in the mill. 
They are run in this mill for a sufficient length of 
time to remove about 1/8-in. of metal from their 
surface. In the Climax mills this requires about eight 
days. The wear-in serves to remove decarburization 
and other defects which might exist on the original 
surface of the balls. 

At the end of the wear-in, all of the marked test 
balls are recovered at one time from the rest of the 
ball charge. This is done during a normal shut-down 
period (usually at a week-end). Since the test balls 
are larger than the rest of the balls in the mill charge, 
they are easily found within an hour or two. Their 
identification marks are then cut deeper if necessary, 
and each ball is individually weighed for the subse- 
quent wear test. 

The wear test consists of running the groups of 
marked and weighed balls, including a group repre- 
senting a “standard” material, in an operating mill 
for a sufficient length of time to remove from 1/8-in. 
to 1/4-in. of metal from their surfaces. The test 
balls are all charged into the mill at one time and 
removed at one time so that all are exposed to identi- 
cal operating conditions. 

Following this they are re-weighed individually, 
the Rockwell “C” hardness on their worn surface is 
determined, and their surface area is calculated from 
their specific gravities and weights. (Specific gravity 
is determined by weighing the balls in air and in 
water. ) Other wearing characteristics of the balls, such 
as spalling or peening, if any, at the identification 
marks are noted. Occasionally, if brittle materials are 
being tested, the balls will spall or break in service. 
In this case the wear test also serves as an impact test. 

The basis on which wear rates are compared is an 
important consideration. Carefully-run tests at Climax 
and in other mills on marked balls of identical compo- 
sition and structure, but of different size and weight, 
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have indicated that balls wear (lose weight) in direct 
proportion to their surface area. This is equivalent 
to saying that they lose diameter at a c_ stant rate, 
irrespective of their actual diameter. This has been 
confirmed by a number of investigators®**°, Conse- 
quently, all of the wear rates on test balls are based 
on loss of weight per unit of surface area. 

This figure is compared to the loss per unit of area 
on the group of standard or reference balls included 
in each test to provide an “abrasion factor”. Abrasion 
factors are always relative to a nominally assigned 
factor of 100 for the “standard” material. For instance, 
on a typical wear test, the “standard” material lost 
180.8 gr per 100 sq cm. The balls in group “B” 
lost 206.5 gr per 100 sq cm. Consequently, the abra- 
sion factor for the group “B” balls was 206.5/180.8 x 
100 = 114.2. In this paper these abrasion factors are 
reported to the nearest whole number. 

Some explanation of how ball surface areas are 
calculated may be in order. For calculation purposes 
each ball is assumed to be a perfect sphere. The 
specific gravity of each ball is determined as pre- 
viously described, and from this value and the known 
weight of the ball, its volume and surface area may 
be easily calculated. For convenience, the author has 
made charts which plot surface area against weight 
(a straight line function) for each specific gravity 
commonly encountered in the test balls. This saves 
considerable calculation when large numbers of balls 
are run on a single test. 

The area used in the wear rate calculation also 
deserves some comment. Theoretically this should be 
the average area of each ball during the wear test. 
However, for comparative purposes it is permissible 
and simpler to use the area of each ball at either 
the beginning or end of the test, since the change 
in area is relatively small and no significant differ- 
ence in the resultant abrasion factor is produced by 
this procedure. 

The choice of a suitable material for the compara- 
tive standard is important since this material must 
be consistently reproducible and must serve in many 
tests which may be spaced years apart. For the tests 
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on 5-in. balls, the author has used a high carbon, 
fully hardened martensitic type of steel, since such a 
composition and, structure is easily reproduced and 
has shown very consistent and uniform wear rates. 

To fully harden a 5-in. ball of this type by com- 
mercial procedures, a substantial alloy content is nec- 
essary in the composition. The actual material used 
for the 5-in. ball tests is a high-carbon air-hardening 
composition containing nominally 1.0 per cent carbon, 
0.8 per cent manganese, 6.0 per cent chromium and 
1.0 per cent molybdenum. It is hardened by austenitiz- 
ing at 1900 F followed by an air quench to room 
temperature and a stress relief at 400 F. 

In the earlier tests which were run to evaluate 3- 
in. balls?, a 0.80 per cent carbon, 0.60 per cent man- 
ganese, 0.20-0.30 per cent molybdenum type composi- 
tion, fully hardened by austenitizing at 1550 F and 
water quenching, was used as the standard. This use 
of two “standards” was made necessary by the size 
change from 3-in. to 5-in. balls and by other practical 
considerations. The material used in this 3-in. ball 
test shows an abrasion factor of 110 when compared 
to the factor of 100 for the air hardening high carbon 
steel used as a standard in the 5-in. ball tests at 
Climax. This should be kept in mind when studying 
the abrasion factors listed in Table 2. 


CORRELATION BETWEEN RELATIVE WEAR RATES 


In the course of wearing out over 500 sets of ball- 
mill liners in the primary grinding mills at Climax, 
many different materials have been investigated. On 
the five most commonly used cast steel types, the 
averaged performance data has been compiled from 
the sets of liners of each specific design run under 
each specific operating condition. This has provided 
a reliable set of relative wear rates for each of these 
type compositions. These are given in Table 1, to- 
gether with the abrasion factors established by the 
short-time “marked-ball” tests on these same materials 
in the same mills. 

The relative wear rates for the 5-in. balls, on two 
or more tests, normally do not vary more than 1 per 
cent from the values given in Table 1. Quite under- 


TABLE 1 — RELATIVE WEAR RATES OF LINER STEELS 
WHEN TESTED BOTH AS LINERS AND AS LARGE GRINDING BALLS AT CLIMAX 














Item Typical Composition—% Hardness*® Relative Wear Rates 
No. Description and Heat Treatment Cc Mn Cr Mo Re 5-in. Balls Mill Liners 
1 Martensitic 1% carbon Cr-Mo steel ....... 1.0 0.8 6.0 1.0 54-58 100°* 100°* 
air-quenched from 1900 F. Tempered 400 F 

2  Martensitic 0.7% carbon Cr-Mo steel ... 0.7 1.0 1.5 0.5 56-61 111 107-115 
marquenched in salt. Tempered 500 F 

3. Martensitic 0.7% carbon Cr-Mo steel . 0.7 1.0 1.5 0.5 49-52 126 120-130 
marquenched in salt. Tempered 900 F 

4 Pearlitic 0.8% carbon Cr-Mo steel ...... ¥ 0.8 0.8 2.5 0.4 38-41 127 122-127 
air-cooled from 1800 F. Tempered 1000 F 

5 Austenitic manganese steel . Vy eee 12 12.0 47-52 140 140-145 


from 1900 F 


water-quench 


*This is the hardness range on the worn surface of the test balls. Hardnesses below this cold-worked surface 


are normally lower than 
of the balls. 


ose given above. The structure and hardness of the liners corresponds closely to that 


**This is a nominally assigned factor. Relative wear rates of the other materials are based on this factor of 


100 for item 1 
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standably, this close consistency is not obtained from 
actual sets of liners of the same type material, where 
minor variations in production or conditions of service 
are probably responsible for the maximum spread of 
about 10 per cent which is obtained between the 
wear rates of individual sets in the Climax mills. 
However, when the results from many sets of a spe- 
cific material, run in one condition of service, show 
a maximum spread of only 10 per cent,. it is statisti- 
cally true that a considerable degree of confidence can 
be placed in the average of these results and in the 
relative wear rates based on these averages. 

In most cases the relative wear rates on the liners 
listed in Table 1 have been compared under several 
conditions of service. These include service as shell 
liners and end liners, service in several different liner 
designs, and service at three different mill rotational 
speeds. Since the averaged relative wear rates of the 
liners vary somewhat in each of these conditions of 
service, it is necessary to report these as a range. In 
all cases the rates were within the ranges indicated in 
Table 1. 

The correlation between the relative wear rates 
established by the 5-in. ball tests and the relative 
wear rates on actual liners is extremely good, as 
can be seen from Table 1. Actually this should be 
expected. Under the conditions of high-stress grinding 
abrasion, the forces causing abrasion between balls 
contacting each other should be practically the same 
as the forces acting between the balls and the wear- 
ing surface of the liners. The character and magni- 
tude of these forces are probably determined largely 
by the hardness and crushing strength of the minerals 
being ground, which in turn means that these abrasive 
forces should act similarly and with equal magnitude 
on all wearing surfaces within the mill. 


VARIABLES INFLUENCING WEAR RATES 


The microstructure of a steel is a dominant factor 
influencing its wear resistance. It is, therefore, neces- 
sary to classify the steels according to their micro- 
structure before the true effects of variations in com- 
position, treatment or mechanical properties can be 
properly evaluated. The results and discussion on the 
effects of certain variables influencing wear will 
therefore be divided into three miscrostructural classi- 
fications: 1) martensitic steels, 2) pearlitic steels, and 
3) austenitic steels. 


Effect of Carbon Content in Martensitic Steels (1-a) 


Figure 2 shows the relative wear rates obtained 
from a series of low-alloy steels of varying carbon 
content. Each composition was suitably heat treated 
to develop a “fully hardened” martensitic type of 
structure, which of course necessarily includes struc- 
tures consisting of martensite plus retained austenite. 
To develop “full hardening”, liquid quenching treat- 
ments were used on all groups. 

The abrasion factors shown in Fig. 2 are relative to 
the nominally assigned factor of 100 for our standard 
reference material, which is a 1.0 per cent carbon, 
6.0 per cent chromium, 1.0 per cent molybdenum com- 
position, air quenched from 1900 F to develop a 
structure of spheroidized carbides in a fine-grained 
martensitic matrix. 
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Fig. 2—Influence of carbon content on the wear rates of mar- 
tensitic cast steels. 
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Fig. 3—Influence of austenitizing temperature on the wear rates 
of two martensitic cast steels. 


It may be seen from Fig. 2 that the abrasion resist- 
ance of martensite improves at a fairly rapid rate up 
to about 0.7 per cent carbon. Further increases in 
carbon content tend to become less effective. This is 
to some extent dependent on the degree of solution 
of the pro-eutectoid carbides in the structure. In the 
high-carbon steels, those which have most complete 
solution of pro-eutectoid carbides normally have shown 
the best wear resistance. 

While the trend shown in Fig. 2 probably applies 
in all grinding operations, it should be emphasized 
that the specific abrasion factors shown apply only to 
the primary grinding mills at Climax where the 
principal abrasive minerals are quartz and feldspar, 
quartz predominating. A limited number of tests run 
in other milling operations indicate that where softer 
ores or minerals are being ground, the use of carbon 
contents over 0.70 per cent is much more effective 
in improving abrasion resistance. 


Effect of Austenitizing Temperature (1-b) 


As is indicated by Fig. 2, steels with over 0.70 per 
cent carbon will show best abrasion resistance when 
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their pro-eutectoid carbides are in solution. The solu- 
tion of these carbides is a function of the austenitiz- 
ing temperature used during heat treatment. This is 
indicated quantitatively in Fig. 8 for the 6.0 per cent 
chromium, 1.0 per cent molybdenum compositions 
containing 1.0 and 1.5 per cent carbon respectively. 
While Fig. 3 indicates that high austenitizing tem- 
peratures produce best abrasion resistance, it should 
be recognized that these high austenitizing tempera- 
tures also produce a high percentage of retained 
austenite of a metastable type in these 6.0 per cent 
chromium steels. Also, as soon as most of the finely 
disseminated spheroidized carbides in the steel are 
dissolved, substantial grain growth occurs. The com- 
bined result is a structure which has lowered impact 
resistance and a tendency to spall in service. This 
has also been observed in tests at Climax on numerous 
other groups of high-carbon martensitic steel balls. 
For the 1.0 per cent carbon, 6.0 per cent chromium, 
1.0 per cent molybdenum composition, the best com- 
promise in austenitizing temperature appears to be 
in the range 1800-1900 F. Balls air-quenched from 
2000 F showed a tendency to spall slightly at their 
identification marks, while balls quenched from 1700 
F showed a substantially faster wear rate. Also, it 
would be difficult to completely suppress pearlite 
formation in the heavy sections of actual liners 
quenched from as low a temperature as 1700 F. 


Effect of Tempering Martensite on Abrasion Resist- 
ance(1-c) 

The use of tempering temperatures up to 400 F on 
the high-carbon martensitic steels visibly improved 
their resistance to spalling and breakage without meas- 
urably lowering their wear resistance, even though a 
slight drop in hardness often was evident. This state- 
ment applies to both the liner materials which were 
studied as marked 5-in. balls and to the grinding 
ball materials which were studied mainly as marked 
8-in. balls. Consequently, practically all martensitic 
steels (and irons) have been given a 400 F temper 
for relief of residual stresses. Actual liners of the 
martensitic type are now all tempered at either 400 
F or 500 F for stress relief. 

When the high-carbon martensitic steels are tem- 
pered at temperatures above about 800 F, there is 
a substantial improvement in their toughness; but 
this is accompanied by a rather serious loss in abra- 
sion resistance. This is illustrated by comparing items 
2 and 8 in Table 1. In spite of the fact that the 
martensitic Cr-Mo steel tempered at 900 F still has 
relatively high hardness, its wear resistance is only 
slightly better than a high-carbon pearlitic steel at a 
substantially lower hardness. 
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When high carbon martensite, tempered between 
1000 F and 1200 F, was compared to a pearlitic 
steel having the. same composition and hardness, the 
pearlitic structure showed definitely better abrasion 
resistance than the tempered martensite. This has 
been most frequently observed in our tests on 3-in. 
balls, where materials for grinding balls studied.” 
There has been little incentive, therefore, to do further 
investigation on martensitic liner steels tempered at 
the higher temperature levels, since this appeared to 
be a field of application most adequately served by 
the pearlitic types of high-carbon Cr-Mo steels. 


Effect of Alloying Elements (1-d) 

To produce a martensitic structure in a heavy-sec- 
tion casting, the steel] must have high hardenability, 
which in turn requires the use of alloying elements. 
The minimum alloy requirements depend principally 
on the austenitizing temperature and the speed of 
quenching during heat treatment. Further alloy addi- 
tions over this minimum have some interesting effects 
on the abrasion resistance of the steel. These appear 
to be closely associated to the austenite-retaining char- 
acteristics of each alloying element. 

It is well known that manganese, nickel and chro- 
mium tend to increase the retained austenite content 
of “martensitic” structures. They are particularly ef- 
fective in high-carbon steels. For instance, in a 1.0 
per cent carbon steel, practically complete austenite 
retention at room temperature can be achieved when 
the manganese content exceeds about 4.5 per cent, 
or when the nickel content exceeds about 10 per cent, 
or when the chromium content exceeds about 5.0 per 
cent. The combined effects of two or more of these 
elements are proportionately additive, according to 
published data. 

Carbon, in solution, is undoubtedly the most potent 
element in retaining austenite, though its effect in 
this respect is limited by the difficulty of keeping it 
in solution in amounts over about 1.40 per cent. 

When the manganese content of a low-alloy marten- 
site, containing 1.0-1.2 per cent carbon, was increased, 
a definite loss in abrasion resistance was experienced. 
This is illustrated in Table 2. 

Nickel is another austenite-retaining element which 
behaves similarly to manganese in the way it tends 
to injure the abrasion resistance of martensite-auste- 
nite structures. Nickel additions do not appear to be 
as potent as manganese in this respect, though more 
data on the high-carbon nickel steels are needed be- 
fore quantitative data can be reported. In the nickel 
steels studied to date, the full effect of the nickel 
contents has been partially obscured by the presence 
of chromium or other alloying elements. However, 


TABLE 2 — ABRASION RESISTANCE OF 1.0-1.2 PER CENT CARBON MARTENSITE-AUSTENITE 
STRUCTURES WITH VARIOUS MANGANESE CONTENTS 








Item Composition, % Austenitizing Av. Hardness on Abrasion 
No. C Mn Cr Mo Temp, F Worn-Surface, Rc Factor 
1 1.0 0.8 18 0.4 1750 67 105 
2 1.0 13 3.0 1.0 1900 56 101 
3 1.0 2.5 1.0 0.5 1900 54 107 
4° 1.0 5.0 as 1900 49 124 
5° 12 11.6 1900 49 138 
6° 1.2 \ 1900 49 141 


*Items 4, 5 and 6 were fully austenitic. 
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the qualitative effect of nickel on the retained aus- 
tenite in both the martensitic steels and martensitic 
irons is quite apparent whenever nickel contents ex- 
ceed 3-4 per cent. 

Chromium, when in solution in a high-carbon steel, 
is a strong austenite retainer®*. This retained austenite 
in the high-chromium steels has definitely improved 
the abrasion resistance of high-carbon martensitic 
structures. This is illustrated in Fig. 3 for the 6 per 
cent chromium steels. The steels in Fig. 3 with the 
higher austenitizing temperatures have corresponding- 
ly greater amounts of chromium and carbon in solu- 
tion. This produces greater amounts of retained aus- 
tenite, which in turn results in improved abrasion 
resistance. 

The effect of chromium in this austenite, therefore, 
is opposite to that of manganese or nickel. This con- 
clusion is supported by the good abrasion resistance 
obtained on high-chromium martensitic white irons 
which, in their as-cast condition, also tend to have 
high percentages of retained austenite in their matrix. 

Molybdenum was used in relatively small quantities 
in combination with other alloying elements in the 
steels investigated. Its principal function here was 
to suppress carbide precipitation and transformation 
to pearlite during the cooling or quenching of these 
steels. Molybdenum is not believed to be a strong 
austenite retainer. Any effect which it might have 
had in this respect when added in quantities up to 
1.0 per cent is obscured by the other alloying elements 
which were present. 


Martensitic Steels and Martensitic White Irons (1-e) 


In those grinding mills where impact conditions 
are not too severe, the martensitic types of white 
iron may be used successfully. A comparison of the 
relative abrasion resistance of several commercially 
available grades of martensitic steel and white iron is 
therefore of interest. The results of our tests on a 
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number of representative types of both of these mate- 
rials, when tested as 5-in. marked balls in the primar 
mills at Climax, are given in Table 3. The various 
materials are listed in order of relative abrasion re- 
sistance. 

While the white iron represented by item 1 in Ta- 
ble 3 is the most wear-resistant material tested to 
date, this must be balanced against its relatively high 
alloy cost. With the exception of item 1, the primary 
carbides present in the other white irons do not ap- 


_ pear to have contributed much to their abrasion re- 


sistance in this service. Under these circumstances, 
the high-carbon martensitic cast steels compare favor- 
ably to the martensitic white irons. 


Characteristics of Pearlitic Steels (2-a) 


The pearlitic types of steel, such as item 4 in Table 
1, have a combination of toughness, moderate alloy 
cost, and simple heat treatment which have made 
them a useful and popular material for grinding mill 
liners and other abrasion-resistant castings. They have 
generally been made with carbon contents ranging 
from 0.50-1.20 per cent, together with sufficient alloy 
content to produce a fine and relatively hard pearlitic 
structure. Their heat treatment generally consists of 
a simple normalize and temper, or in some cases the 
liners have been used quite successfully in their as- 
cast condition. 

In considering the variables influencing the per- 
formance of pearlitic steels, it must be recognized 
that for any given carbon content, the pearlitic struc- 
ture can have variable properties ranging from a 
relatively soft material with a coarse lamellar struc- 
ture to a relatively hard material with a correspond- 
ingly fine lamellar structure. In addition, the pearlitic 
structure may be further complicated by the presence 
of pro-eutectoid carbides or ferrite which have an in- 
fluence on their wear resistance. Because the variables 
influencing the properties of pearlite are closely inter- 


TABLE 3 — COMPARISON OF SOME MARTENSITIC STEELS 
AND MARTENSITIC WHITE IRONS IN CLIMAX BALL MILLS 











Item Composition — % Hardness* Abrasion 
No. Description and Heat Treatment Mn Si Cr Mo Ni Rel Rc2 Factor 
1 Martensitic Cr-Mo white iron ............ 28 10 O06 150 30 54 66 89 
air-cooled from 1950 F 
2 = Martensitic high-Cr white iron 27 10 O06 26.0 53 64 98 
air-cooled from 2 F 
3  Martensitic Cr-Mo steel .................. 10 O08 O6 60 1.0 49 55 100 (Std) 
air-quenched from 1900 F. tempered 400 F 
4  Chill-cast Ni-Cr-Mo white iron ..... 32 OT OS 20 10 36 59 107 
cast, cooled in sand, tempered 425 F 
ee a eee eee 32 06 O05 20 4.0 53 ~=«60 109 
sand-cast, cooled in molds, tempered 425 F 
6 Martensitic Cr-Mo steel .......... ga 0.7 1.0 10 415 OS 55 58 lll 
marquenched in salt. Tempered 500 F 
7  Chill-cast Ni-Cr white iron ............. SS GS Ga 81 '.. @8 ns 55 116 
cast, cooled in sand, tempered 425 F 
8 Martensitic Cr-Mo steel ........... 04-15 04 O8 O05 48 55 120 


water-quenched and tempered 400 F 


*Hardness Rel represents the average hardness about 1/8-in. below the original surface of the balls prior to 
the wear-in and wear test. Hardness Rc2 is the average Rc hardness on the worn surface of the balls after the 
wear test. It reflects the effect of cold-work hardening at this surface. 
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related, it is often difficult to accurately evaluate the 
effect of a single variable. This in turn makes it 
difficult to plot the results graphically. 


Effect of Carbon in Pearlitic Structures (2-b) 


Carbon ranges between 0.50 and about 1.40 per 
cent were studied. Practically all of these studies 
have been run on low-alloy compositions in which 
up to about 3.0 per cent chromium and 0.30-0.50 
per cent molybdenum were used as the principal 
alloying elements to aid in the development of a fine 
pearlitic structure in these heavy-section, air-quenched 
castings. 

Hardness of these castings was in the range of 35- 
42 Re. In general their abrasion resistance improved 
as their carbon content was increased up to about 
1.0 per cent. Between 1.0-1.4 per cent carbon there 
was little, if any, improvement in abrasion resistance. 
This is probably due to the fact that carbon in excess 
of about 1.0 per cent practically all precipitates as 
grain-boundary carbides during the relatively slow 
cooling of these heavy-section, air-cooled castings. 
These grain-boundary carbides did not improve, and 
in some cases appeared to lower the abrasion resist- 
ance of the steel. They also lower the toughness of 
the steel. 


Effect of Hardness (2-c) 


For a given composition and austenitizing temper- 
ature during heat treatment, the abrasion resistance 
of pearlite increased in direct proportion to its hard- 
ness. High-carbon Cr-Mo steel compositions will pro- 
duce pearlites with hardnesses up to about 50 Rc in 
3-in. balls, but in 5-in. balls and heavy section liners. 
the practical limit is about 44 Rc. If attempts are 
made to produce pearlite harder than this in heavy 
sections, by the use of increased quenching rates or 
higher alloy contents, the result is usually a mixed 
structure consisting of pearlite, bainite, martensite and 
possibly retained austenite. Such mixed structures may 
lack sufficient toughness for the application in question. 


Effect of Tempering (2-d) 

The high-carbon Cr-Mo pearlitic steels showed no 
measurable loss in abrasion resistance when tempered 
up to about 900-1000 F. When tempered at 1100- 
1200 F, however, they showed a loss in both hardness 
and abrasion resistance, though in the few examples 
which were studied, this loss was relatively small. 
The higher tempering temperatures will normally im- 
prove the toughness of the steel and may be desir- 
able for certain applications. 


As-Cast versus Normalized Pearlitic Steels (2-e) 


High-carbon pearlitic steel liners can be used suc- 
cessfully in many mills in their as-cast, sand-cooled 
condition. This has included the ball mills at Climax. 
In this as-cast condition, pearlitic steel liners with a 
hardness of 31-35 Re showed equal or slightly better 
abrasion resistance than normalized pearlitic steel of 
the same composition with a hardness of about 37-40 
Re. There is some risk involved, however, in the use 
of as-cast liners. If they contain light sections, or if 
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they are shaken out of their sand molds too soon, 
they may develop an undesirable structure consisting 
of coarse-grained martensite and retained austenite, 
which is relatively brittle in its as-cast condition. For 
consistency of properties, a normalizing treatment ap- 
pears to be preferable for most pearlitic steel liners. 


Abrasion Resistance of Pearlite and Bainite (2-f) 


By using austempering treatments, a number of 
Cr-Mo steel liner compositions have been transformed 
to bainite and tested both as 5-in. balls and as actual 
liners. These bainitic steels had a hardness range of 
47-52 Rc, but even at this high hardness, they did 
not show as good abrasion resistance as the same 
compositions transformed to pearlite with a hardness 
of 38-42 Rc. These results are supported by similar 
studies which we have run on 8-in. balls. In addition, 
actual liners made with bainitic structures have shown 
a tendency to crack and break in service. This may 
be due to alloy segregation in heavy sections and 
resultant incomplete transformation. It appears, there- 
fore, that pearlitic structures in the 35-44 Rc hardness 
range are definitely superior to bainite for grinding 
mill liners. 


Austenitic Steels (3-a) 


While the well-known 1.2 per cent carbon, 12 per 
cent manganese Hadfield type of austenitic steel has 
been extensively used for grinding mill liners, it is 
now being largely displaced by the more abrasion- 
resistant pearlitic and martensitic types of steel or by 
the martensitic white irons. The inherently good tough- 
ness of an austenitic steel is a desirable though usually 
unnecessary property for these liners. 

From the data in Tables 1 and 3, it would appear 
that if an austenitic steel with reasonable alloy cost 
and an abrasion factor of about 110 or less could be 
developed, it should have attractive commercial pos- 
sibilities. The combination of relatively good abrasion 
resistance, with better ductility than is obtainable 
from pearlitic or martensitic steels and white irons, 
could make such an austenitic steel widely accept- 
able for many types of service. 

The influence of the austenite-retaining alloying ele- 
ments, as discussed in section (1-d), may offer clues 
to the development of austenitic steels with superior 
abrasion resistance. Fully austenitic structures can be 
produced by using relatively “lean-alloy” combinations 
of manganese, nickel, chromium, molybdenum and 
possibly copper, along with high austenitizing temper- 
atures and as much carbon as can be dissolved and 
kept in solution during heat treatment of the composi- 
tion. The marked ball tests at Climax have indicated 
that certain of these lean-alloy combinations have sub- 
stantially better abrasion resistance than the conven- 
tional 12 per cent manganese composition. 

Quite probably all or most of these lean-alloy com- 
binations will have inferior ductility to the 12 per 
cent manganese steel on a tensile test. However, 
these lean-alloy austenites would be competing with 
high-carbon pearlitic steels which normally have less 
than 2 per cent elongation on a tensile test, or with 
martensitic steels and white irons which show prac- 
tically no ductility, so high ductility in the proposed 
lean-alloy austenite is apparently unnecessary. ~ 
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TABLE 4 — COMPOSITION AND ABRASION FACTORS OF SEVERAL 
AUSTENITIC AND NEAR-AUSTENITIC STEELS 

Item Composition, — % Austenitizing Hardness* Relative Abrasion 

No. Cc Mn Cr Mo Ni Temp, F Rel Rc2 Magnetism** Factor 
1 15 0.8 6.0 1.0 2000 44 54 215 97 
2 1.5 1.8 3.0 0.5 15 1900 30=—s« 55 85 103 
3 1.5 1.3 3.0 0.5 1.5 2000 23 51 0 103 
4 1.0 5.0 } 1900 18 49 0 124 
5 12 11.6 1900 ll 49 0 138 
6 1.2 13.3 1900 49 0 141 


*Hardness Rel represents the average hardness below the decarburized surface of the balls prior to the wear-in 
and wear test. Hardness Rc2 is the average Rc hardness on the worn surface of the balls after the wear test. 


**Relative magnetism is the average pull in £ necessary to break contact between the worn surface of the balls 
and e 


an Alnico magnet. For comparison 
retained austenite is 550 to 600. 


relative magnetism of a high-carbon martensitic steel with a low 





There are two types of lean-alloy austenite which 
should be considered in any proposed study of austen- 
itic steels with superior abrasion resistance. One type 
might be classed as “stable” because of the fact that 
it does not transform to a ferromagnetic product ( prob- 
ably a form of martensite), when it is work-hardened 
as “metastable” since it does transform to a ferromag- 
at room temperatures. The other type might be classed 
netic product when it is work-hardened. Normally a 
further addition of an austenite-stabilizing element 
or more complete solution of carbon will tend to 
change a “metastable” austenite into a “stable” austen- 
ite. 

The tests at Climax have demonstrated that the 
lean-alloy austenites of the metastable type are not 
satisfactory for most grinding mill liners due to their 
tendency to spall in service. This is unfortunate, since 
some metastable austenites, obtained by the use of 
high chromium and carbon contents, have abrasion 
factors of less than 100 in those tests where they sur- 
vive without spalling. Presumably some of these 
metastable austenites could be used successfully in 
light impact service, but their factor of safety would 
be low and their field of application would be limited. 

The range of lean-alloy austenitic compositions 
which shows greatest promise lies between the meta- 
stable compositions and the highly stabilized 12 per 
cent manganese type of steel. Several compositions 
which were near or within this range have been studi- 
ed in the marked-ball tests and are listed in Table 4, 
together with their abrasion factors. The conventional 
12 per cent manganese type of steel is also listed for 
comparison. 

Items 1 and 2 in Table 4 are definitely metastable, 
as is indicated by their hardness and their develop- 
ment of a ferromagnetic product on their worn surface. 
A slight amount of spalling occurred at the corners 
of the identifying notches of the test balls representing 
item 1 and a little more spalling occurred at the 
notches of item 2 during the wear tests in the Climax 
mills. 

Item 3, which showed no transformation to ferro- 
magnetic products, was satisfactory insofar as spalling 
is concerned. The identifying notches on the balls of 
this steel peened completely closed without any evi- 
dence of spalling. The steel apparently had reasonably 
good ductility along with a good abrasion factor. It 
presumably would meet the desired specification for 
a lean-alloy austenite with good wear resistance and 


reasonable toughness. However, the only difference 
between item 3 and item 2 is a 100 degree F higher 
austenitizing temperature for item 3, so it is still on 
the verge of being metastable. 

To provide a factor of safety, it would probably 
be desirable to increase the austenite retaining alloys 
to some extent. For example, both the nickel and 
manganese contents might be increased 0.5 per cent. 
According to the indications from Table 2, this would 
probably increase the abrasion factor of the steel to 
about 106 or 107 in the Climax mills. This would 
still be better than the limit of 110 mentioned earlier 
in this discussion. 

Other possible modifications to the item 3 composi- 
tion which might achieve the desired purpose, would 
be to add more chromium which should actually 
improve the abrasion resistance of the austenite. The 
possibility of using copper, as suggested by Lorig’, 
and by Carter and Rosenblatt®, in place of nickel or 
manganese should also be investigated. Effect of ni- 
trogen in lean-aloy austenites may also be interesting. 

Item 4 in Table 4 is a lean-alloy austenite achieved 
by the use of manganese alone. The manganese con- 
tent, at the 1.0 per cent carbon level, is close to the 
minimum permissible for production of an austenite 
which is stable at room temperatures. It appeared 
to have good ductility and showed no evidence of 
metastability. In spite of a slightly lower carbon con- 
tent, this 5 per cent manganese steel had better abra- 
sion resistance than the 12 per cent manganese steel 
represented by item 5. However, the abrasion factor 
of 124 for item 4 still falls far short of the desired 
maximum of 110 for these lean-alloy austenites. 

The results from items 4 and 5 suggest that manga- 
nese is such a potent austenite-retaining element and 
at the same time has such a powerful effect in reduc- 
ing abrasion resistance that it would require a very 
delicate balance between manganese and carbon con- 
tents, (when used without other alloys), to produce 
a sufficiently tough austenite with the desired abra- 
sion factor of 110 or less. Even if this proved to be 
possible, it would probably require such close control 
in regular production that it would be impractical 
commercially. The most fruitful field for exploration 
appears, therefore, to lie in the use of combinations 
of chromium, nickel, copper, and molybdenum. Mod- 
erate amounts of each of these alloying elements, in 
combination with a high carbon content and 1-2 per 
cent manganese, might be used to achieve the de- 
sired results. 





— 


te a a 


= lull 


“ 





T. E. Norman 


To summarize this discussion on austenitic steels, we 
might state that the production of lean-alloy austen- 
ites with adequate toughness and better abrasion re- 
sistance than the 12 per cent manganese steels appears 
to be commercially possible. Much work remains to 
be done, however, to determine the best range of 
compositions and the wearing characteristics of these 
lean-alloy austenites. The rewards from this work 
could prove to be well worthwhile. 


INFLUENCE OF HARDNESS OF THE ABRASIVE 


In the previous sections of this paper, the abrasion 
factors, which are relative wear rates, are given for 
the steels and irons tested in the ball mills at Climax. 
It should not be inferred from this that these same 
abrasion factors will apply in other grinding mills. 
Experience from similar tests in other mills indicates 
that where a series of abrasion resistant alloys are 
tested in several mills grinding minerals of different 
hardness and size, the order of merit of each group 
in the series will generally remain the same; but the 
spread in abrasion factors between the best and the 
poorest may show a marked difference. This influence 
of abrasive hardness on abrasion factors has been stud- 
ied by a number of investigators!-*-*10.11, 

In general, the hard minerals such as quartz 
will produce less spread in abrasion factors than softer 
minerals such as feldspar and calcite. Also, there is 
evidence to indicate that there is less spread in abra- 
sion factors when grinding a fine mineral than there 
is when the mineral is relatively coarse. In a two- 
stage grinding operation, which might involve a rod 
mill for coarse grinding followed by a ball mill for 
fine grinding, one should expect to find a greater 
spread in the abrasion factors of various ferrous alloys 
when tested in rod-mill liners than in the ball-mill 
liners. 

A possible explanation of how the hardness of the 
abrasive influences the abrasion factors of ferrous 
grinding media is provided in Fig. 4. To obtain the 
data for this study, various groups of marked balls 
were run in a 3-ft diameter pilot plant ball mill for a 
number of 24-hr periods. Wear rates of the various 
groups of marked balls, when grinding three relative- 
ly pure minerals of different hardness under closely 
controlled conditions, were determined. For each test 
the abrasive mineral, which was about pea-size, was 
fed to the mill (and discharged from it) at a constant 
rate of 390 Ib of mineral plus 130 lb of water per hour. 
The wear rates shown in Fig. 4 for a 0.80 per cent 
carbon steel at three hardness levels are typical of the 
results obtained. 

It can be seen from Fig. 4 that in grinding quartz, 
which is approximately as hard as the martensitic 
steel and definitely harder than pearlitic steels, the 
wear rates of the three steels are relatively close to 
each other, with a spread of only 25 per cent between 
the hardest and softest steel. In grinding feldspar, 
which is definitely softer than the martensitic steel, 
but harder than the pearlitic steels, a spread of over 
100 per cent exists between the two types. This is 
due to the marked drop in wear rate of the martensitic 
steel when it is grinding a mineral softer than itself. 
Under these circumstances, the martensitic balls be- 
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come highly polished while the pearlitic steels main- 
tain a dull, scratched finish. 

In grinding calcite, which is softer than all three 
steels, the wear rates of all three are very low, though 
there is still a spread of over 100 per cent in relative 
wear rates of the martensitic and pearlitic types. 

A very similar trend has been observed in grinding 
commercial ores or minerals’. In grinding high quartz 
ores, a small spread in relative wear rates has been 
obtained between the martensitic and pearlitic steels; 
while in grinding high feldspar ores, the martensitic 
steels (and martensitic white irons) show much great- 
er superiority. Ores with a high iron oxide content 
produce results similar to high feldspar ores, due prob- 
ably to the fact that hematite and magnetite have 
approximately the same mineralogical hardness as feld- 
spar. 

Cement clinker acts like calcite on the wear rate 
of steel grinding balls. The wear rates for all types 
of steel are very low, while at the same time a pearlitic 
steel will wear from two to four times as fast as a 
martensitic steel. 

It may be interesting to note that calcite in these 
tests acted more like a lubricant than as an abrasive. 
The wear rates of the three groups of steel balls in 
water alone were about twice their wear rates in the 
calcite and water mixtures. 

It is unfortunate that similar wear tests were not 
run with minerals whose hardness is between 6 and 
3 on the Mohs’ scale. This might move the points 
where the lines for the two pearlitic steels change 
their slope. For this reason the points between the 
feldspar and calcite wear rates have been connected 
with dotted lines. 


SUMMARY AND CONCLUSION 


1) A method of evaluating the abrasion resistance of 
materials for heavy-section steel castings, by running 
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these materials as large-sized marked balls in a ball 
mill, is described. By this means it is possible to 
evaluate the relative merits of grinding mill liner 
materials within a short time. The results from -this 
short-time test correlate well with the results from 
actual sets of liners having similar composition and 
structure. 

2) Martensitic structures tend to improve in abrasion 
resistance as their carbon content is increased and as 
their austenitizing temperature is increased. Temper- 
ing up to 400-500 F has little or no effect on their 
abrasion resistance but tempering at higher tempera- 
tures rapidly reduces this abrasion resistance. 

3) Elements which tend to increase the retained aus- 
tenite in a fully hardened steel have an effect on its 
abrasion resistance. Chromium and carbon, when in 
solution, tend to improve ‘abrasion resistance while 
manganese and nickel tend to reduce abrasion resist- 
ance. 

4) The high-carbon martensitic steels compare favor- 
ably to the martensitic white irons in abrasion resist- 
ance when tested in Climax ball mills. 

5) Pearlitic structures tend to improve in abrasion 
resistance as their carbon content is increased up to 
about 1.0 per cent and as their hardness is increased. 
6) Pearlitic Cr-Mo steels show little if any loss in abra- 
sion resistance when tempered up to 1000 F. When 
tempered at 1100 F or higher, their abrasion resist- 
ance is lowered to some extent. 

7) As-cast pearlitic Cr-Mo steels are usable and satis- 
factory as liners under some conditions. 

8) Pearlitic Cr-Mo steels with a hardness of 38-40 Re 
are more abrasion resistant than bainitic structures 
having the same composition. 

9) Abrasion resistance and other characteristics of 
several austenitic steel compositions are presented and 
discussed. Good possibilities appear to exist for the 
development of “lean alloy” austenites with adequate 
toughness and better abrasion resistance than con- 
ventional 12 per cent manganese steel. 

10) When a series of ferrous alloys are tested in 
, grinding abrasive minerals of different hardness, the 
range in abrasion factors so obtained will normally 
be greater when grinding the softer minerals than 
when grinding quartz or other very hard minerals. 
Consequently, the abrasion factors established in the 
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Climax ball mills may show a greater or less spread 
when tests on these same materials are run in other 
mills grinding minerals of different hardness. 
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A LITTLE KNOWLEDGE OF PLASTICS 


By 





Robert LeMaster* 


The old adage of a little knowledge being harmful 
could never be truer than when speaking of plastics. 
In the past and at present, this little knowledge of 
plastics has been a definite factor in their lack of 
acceptance by the foundry industry. 

Plastics definitely have a place in the foundry. The 
exact degree of acceptance and usage may not be 
established for years to come. At the present time, 
few people realize what lies ahead in new materials 
and techniques. 

The growth of plastic pattern equipment may be 
compared with shell molding and the COz process. 
When each was first introduced, they were misapplied 
and oversold. Each of these processes has limitations 
to its application and should not be thought of as a 
cure-all. When foundries began experiments with these 
processes little was known about testing procedures 
for them, and many unfavorable reports resulted. In 
the face of these discouraging reports, only the pio- 
neering foundrymen continued experiments until the 
necessary knowledge of practical workability was es- 
tablished. 


EARLY DIFFICULTIES 

In the case of plastics, the original unfavorable re- 
ports were due to the premature introduction of 
phenolic plastics. This family of plastics was oversold, 
misrepresented, and misused because little was known 
of them. Phenolic pattern equipment made today is 
much more acceptable and usable than the type made 
several years ago. This is because of improvements 
in materials, and a definite understanding as to what 
can be expected of them. 

Possibly, the best way to approach a new pattern 
material is to evaluate through past experience what 
qualities it should have. Desirable qualities are high 
dimensional stability, high strength and versatility. 
Epoxy resins now being used, because of low shrink- 
age, have high dimensional stability. Because they 
have excellent adhesion and are nonreactive with 


*Supervisor, plastic pattern shop, R. A. Nelson Pattern Co., 
Milwaukee. 


other materials, high strength may be obtained through 
the use of various fillers and reinforcing materials. 
These same properties plus room temperature cure 
establish epoxies as a very versatile material. 

Why then the apparent rejection of such a versa- 
tile material by many foundries? The reasons are 
numerous, but in all cases, reflect a need for more 
knowledge of materials and methods. 

The first thought that comes to most people’s minds 
when plastics are mentioned are plastic toys and their 
short life under a child’s abuse. These same people 
fail to realize the vast range of properties that exist 
in various families of plastics. What better examples 
of plastics properly applied than formica counters, 
plastic seat covers, nylon hose, or fiberglass boats? 

The people who were taken in by the phenolic pat- 
tern era won't soon forget how a great deal of money 
went into patterns which soon cracked or lost their 
accuracy through shrinkage. 

Their experience formed a resentment against plas- 
tics, not phenolics. Before these people bank on any 
plastic as a pattern material, they will have to be 
familiar with its properties and have a more complete 
knowledge of it. 

The versatility and ease of workability has been a 
definite disadvantage to the acceptance of epoxies. 
Numerous orders have been received by plastic for- 
mulators from shops desiring 2 or 3 quarts of resins 
or samples for experimenting. After minor experiment- 
ing with their samples, they attempt to establish them- 
selves as experts. Not knowing anything about a resin 
other than it’s workability, they begin construction. 
After completion, their pattern equipment may appear 
very acceptable, but may fail under use because of 
insufficient mixing, voids in the laminations, air bub- 
bles in pouring applications, or improper construction. 

Lately, there is a trend among formulators and plas- 
tic sales people to recommend that plastic work be 
done by established shops which recognize the limita- 
tions of epoxies, are able to recommend proper appli- 
cations, and also to reject questionable applications. 
This trend is a result of the plastic formulator’s at- 
tempt to flood any interested shop with sample mater- 
ials to acquaint them with their toughness and versati- 
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lity. The results of this flooding have been two-fold. In 
many cases, its results were as intended, but in numer- 
ous other cases it ruined master patterns, it foamed, 
or it failed. These failures are mostly attributed to 
the user’s substitution or addition to the plastic for- 
mulator’s directions. 

The literature published by some epoxy formulators 
has led purchasers of plastic equipment to believe that 
such equipment could be produced for fantastically 
low figures. Such instances report how a core box is 
produced in 2 or 3 hours, and possibly a pattern in 
a similar amount of time. These examples may be 
true, but since so few patterns and core boxes fall 
into their size and shape, their representation is mis- 
leading. Pictures and cost comparisons of more com- 
plex equipment, plus construction details would give 
purchasers a more complete story. 


SPECIFICATION PROBLEMS 


This item—“construction details” has caused much 
concern among pattern shops. When requesting quo- 
tations on metal equipment most purchasing agents 
have learned to state such specifications as: cast to 
size, machined, sand cast, or pressure cast, aluminum 
or cast iron. On quotations for wood equipment—pine 
or mahogany? 

Much effort has been put into trying to establish 
pattern construction categories such as class “A”, “B”, 
“C”, or “D”. These pattern standards are just 
now being used for established materials that have 
been used for centuries. Let’s not wait centuries 
to acquaint purchasers of plastic pattern equipment 
with our various construction techniques and stand- 
dards. 

Now is the time for plastic formulators and plastic 
fabricators to combine their standard material specifi- 
cations with complete information concerning all con- 
struction techniques with advantages and disadvantag- 
es of each. Perhaps, case histories of several sets of 
pattern equipment built by various construction meth- 
ods to produce a similar casting should be included 
to help foundries to determine which may best suit 
their needs. All of this should then be presented as 
a booklet which would be available to any interested 
party. This booklet would then serve as a guide for 
the purchase of any plastic pattern equipment. 

With the idea that plastic materials will continually 
improve and their use will take an ever increasing 
percentage of wood and metal work, we should begin 
to acquaint our apprentices with them. Their experi- 
ence with plastics now would only serve as a stepping- 
stone to a future trade of a plastic patternmaker. 
We have found that these apprentices learn to apply 
this newly found knowledge to great advantage in 
wood and metal patternmaking. They have learned 
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to save considerable time when working with loose 
pieces, interchangeable pieces, engineering changes, 
patching, repairing, and developing complex shapes. 
Larger companies that now have extensive apprentice 
training programs could well prepare themselves for 
the future by integrating plastic work with wood and 
metal training. 


USES OTHER THAN PATTERNS 


Much has been said of various fabricating tech- 
niques to acquaint shops in the use of plastic for 
pattern and core box use. This concentration of knowl- 
edge for these uses has left a definite void in the 
field of potential foundry applications. Many types of 
fixtures now used in our foundries are perfect appli- 
cations for plastics but are neglected because so little 
has been said of their proper construction techniques. 

These fixtures include casting inspection fixtures, 
core setting fixtures, core pasting fixtures, water test 
fixtures, overall gauges, and core handling fixtures. The 
fabricating techniques used for this type of work in- 
volves plastic tubing with wrapped joints and shot 
faces, steel wear pads and flush check pins, location 
bushings and plates. The plastic formulators have 
been very lax in providing shops with adequate 
information, examples, and technical know-how for 
them to construct anything but experimental fixtures. 
Future education for pattern shops regarding this fix- 
ture type work could result in a great deal of fabrica- 
tion work including plastics as their primary feature. 
The know-how given the pattern shops would soon 
transplant itself in the form of knowledge among 
foundry personnel as to what the entire potential of 
plastics in the foundry represents. 

The area of limitations for plastic construction is 
misleading considering the vast number of uses which 
have proved satisfactory. These include vacuum forms, 
foaming molds, compression molds, and _ injection 
molds. Also dies; holding, checking, and spotting fix- 
tures; duplicator models; inspection fixtures; boring 
and drilling fixtures; and of course, the entire pattern 
field. The do’s and don’ts of plastic construction rely 
on past experience and plastic formulator’s recommen- 
dations. 

The future of plastics in the foundry industry hinges 
directly on the plastic formulators’ ability to perfect 
new and better products. It is also their responsibility 
to see that any new products are introduced by 
trained personnel with trade knowledge and experi- 
ence. They must treat any new product with a degree 
of pessimism to restrict misapplications, and a degree 
of optimism to instill progressive thinking. These for- 
mulators rely on our criticism to better improve their 
product. Cooperation and criticism can lead to a great 
future for plastics in the foundry industry. 








Stics 


Ose 
ges, 
pes. 
tice 

for 


and 


ch- 
for 
wl- 
the 
; of 
pli- 
ttle 
1es. 
res, 
fest 
The 
in- 
hot 
ion 
ve 
ate 
for 
es. 
fix- 


Ca- 


ion 


iX- 





PROGRESS IN VACUUM DIE CASTING 


By 


David Morgenstern* 


This year has seen the vacuum die casting process 
being rapidly accepted as a new and valuable tool 
for the production of better, sounder die castings. 
We have seen the process emerge from the prototype 
stage to where it is now being widely accepted 
throughout the industry, and has had application in 
many of the more progressive plants producing high 
quality, zinc-base die castings. Many reports are com- 
ing in regarding operations on both new and converted 
machines which demonstrate the many benefits to 
be obtained by using vacuum on a die casting process. 

The die casting industry has long been looking for 
an answer to the many problems besetting the die 
caster who is being called upon to produce better 
castings than ever before. The vastly increased use of 
die castings has made the customer and user of these 
castings much more conscious as to the quality of 
finish, dimensional tolerance and porosity. This has 
pushed the die caster to his limit in what he can do 
with the equipment available today. 

The use of vacuum in the die casting process has 
been a major break-through in the ability of the die 
caster to produce better castings at a lower cost. The 
very nature of the die casting process has within itself 
the seeds for trouble, due to the fact that when 
molten metal is injected into dies at high pressures 
and speed, the possibility of removing entrapped air 
and gas is limited, as illustrated in the accompanying 
drawings. The sudden injection of molten metal upon 
relatively cold dies causes any escape vents for air 
to be sealed by the first flush of metal spraying into 
the die. 

This entrapped air in a die has been the root 
of many troubles of die casting. Among these have 
been the resultant poor finish due to the layer of air 
which is trapped between the molten metal and the 
die surface, causing surface irregularities. The other 
troubles due to air have been porosity in the casting, 
irregular cooling of the casting so as to show sink 
marks where heavy sections join light walls of the 
casting, and the need for higher and higher injection 


*President, Nelmor Mfg. Corp., Euclid, Ohio. 
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pressures to try to compress the trapped air into small 
particles which will be tolerable. 


HOT CHAMBER PROCESS 


For years die casters have attempted to use vacuum 
as an aid in the die casting technique, but the many 
schemes which have been attempted have all failed 
because they were not practical in application to the 
die casting foundry. The successful system presents the 
die caster an effective method of evacuating the die 
cavities, is simple and rugged, does not hinder or slow 
down the operation of the machine. The process, as 
applied to the hot chamber zinc machine, consists 
essentially of two hoods, one mounted on the fixed 
platen of the machine, and one mounted on the 
movable platen of the machine, meeting at the die 
parting line through a compressible seal. 

The hoods are easily opened and sections removed 
for convenient access to the die platens for die setting 
and maintenance. A: vacuum pump and large vacuum 
accumulator are connected to the hood by means of 
a large vacuum pipe with the necessary valving. 
Means have been provided, Fig. 1, to cover the metal 





Fig. 1—Metal filling port is closed to prevent metal from being 
drawn into die. 











Fig. 2—Vacuum valve connecting accumulator to hood is 
opened and hood is evacuated. 


filling port on the injection cylinder (goose neck) 
to prevent metal being drawn up into the die when 
vacuum is applied. 

Through the proper electrical sequencing, the ma- 
chine is momentarily paused at the point where the 
two hood faces contact each: other and the die faces 
are still apart. The large vacuum valve connecting the 
hood to the accumulator is opened and the hood 
evacuated in a fraction of a second, Fig. 2. As this 
evacuation is completed, the machine closes, compress- 
ing the hood face seal; and the metal is injected 
into the die, Fig. 3. After metal is injected into the 
die, atmosphere is again introduced into the hood, 
the’dies opened and the part removed. Because of 
thie large valves and accumulator used, the evacuation 
cycle is only a split second of the’entire machine cycle. 

The many metallurgical benefits which accrue from 
the use of vacuum have been well covered in a pre- 
vious article, and need not be discussed at the present 
time. 


BENEFITS OF VACUUM CASTING 


The first and foremost practical benefit has been the 
drastic reduction of porosity in castings made under 
vacuum. The surface finish of these castings is far 
superior, reducing the amount of finishing work re- 
quired to prepare them for both painting and plating. 
Because of the reduced porosity and air entrapment, 
it has been found that castings produced under vacu- 
um will stand much higher heat ranges for subsequent 
operations such as painting, permitting the use of 
higher temperatures and thereby speeding up the 
painting cycle. In at least two cases; vacuum die cast- 
ers have put oversize platens on their machines and 
are running much larger castings than the machines 
were originally designed for, due to the reduction of 
injection pressures needed to make sound castings. 

It has been found that metal flows much more freely 
within the dies with the air evacuated, without the 
back pressure of entrapped air. This has made possible 
production of castings with extremely light wall sec- 
tions which were heretofore totally impossible to fill. 
Reductions in weight have been possible because 








Fig. 3—Machine closes and metal is injected into die. 


of the process. In one ¢ase,,a prominent jobbing 
manufacturer of die castings has been able to produce 
a television frame mask, as a zine die casting in 
competition with aluminum by keeping the wall sec- 
tion thin enough to equal aluminum in weight, there- 
by making substantial savings in the part. 

It has been found possible to produce castings of a 
large surface area with many projecting bosses. With- 
out vacuum there was a high percentage of rejects 
due to sink marks where the boss projected from the 
flat surface. It has been found easier to keep dimen- 
sional limits because of the lowered injection pressure 
when using vacuum. The uniform density of castings 
produced under vacuum made it possible for one man- 
ufacturer to produce ordnance parts which formerly 
were produced from bar stock to meet the necessary 
uniform weight requirements. 

Several users of the vacuum system have done an 
outstanding job of getting customers to take advantage 
of castings produced under vacuum, and to specify 
vacuum cast parts for their requirements. 


CASE HISTORIES 


An interesting case history has been the production 
of a*large auto tail light frame. This 12-1/2-Ib casting 
beixigeast on a 750-ton machine with a reject rate 
of 30°per cent due to bad surface conditions creating 
finishing problems. The die was transferred to a 400- 
ton machine and run under vacuum. It has been 
running on production with surface condition rejects 
cut from 30.to 5 per cent. 

One large manufacturer of hardware installed a 
machine and trials have been so encouraging that 
an additional order has been placed for a much larger 
machine. The ability to paint castings at a higher 
temperature permits a much greater volume of work 
with the present painting setup. Another benefit was 
the reduction in cost to prepare castings for plating. 

A die caster in Illinois was casting an automobile 
radio. bezel. He was able to reduce the weight of the 
bezel by 2-1/2 oz, a 12-1/2 per cent decrease. The 
number of .good castings from the machine increased 
from 90 to 130 per hour. This caster is also producing 
a metal coin bank, oblong in shape and approximate- 
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ly 3 in. deep, with a thin wall section. This part was 
never produced satisfactorily, due to the poor finish 
caused by entrapped air. Under vacuum, the parts 
had a satisfactory finish, requiring no polishing. The 
customer was satisfied to the point of releasing another 
25,000 parts, rather than taking the die away as 
originally anticipated. 

A producer in Michigan has produced a clock bezel 
which, for all practical purposes, was impossible to 
produce on standard equipment, and still meet the 
cost requirements. The use of vacuum equipment has 
permitted them to produce this part successfully. 

Another firm used the equipment to produce a 
part with a heavy section which had caused the cus- 
tomer to scrap up to 50 per cent of the parts because 
of porosity. Vacuum die castings have reduced rejects 
from this cause to an acceptable 5 per cent. 

A large producer of automobile parts in Ohio, pro- 
ducing a tail lamp housing, was able to reduce finish- 
ing costs by $24.00 per thousand pieces. This saving 
was made by dropping the polishing operations need- 
ed before buffing when the parts were cast without 
vacuum. 

These are some representative cases where an es- 
tablished die caster, using all his “know how” and 
good die casting practice, has used this additional tool 
to produce a better and more economical casting. 
Vacuum casting is not a cure-all. It does not take the 
place of good die casting practice. It will, however, 
in the hands of a competent die caster, produce su- 
perior castings at lower costs. The use of vacuum in 
the zinc die casting field has unlimited horizons. Many 
product designers are now recognizing the possibilities 
of producing much lighter, thinner wall section cast- 
ings of more intricate design than heretofore practi- 
cally possible. 

It is now possible for the designer of die castings 
to produce die castings which will compete on a cost 
basis with stampings and stamping assemblies. By the 
use of vacuum, reject rates are drastically cut, both 
at the machine and subsequent operations. It also 
cuts down the amount of time necessary for breaking 
in dies and for the development of runners, overflows 
and vents to try to get rid of air through conventional 
practices. The designer can now concentrate on the 
actual die design to produce the best system in the 
die for proper heat balance without worrying about 
the effects of entrapped air. Because tensile strength 
and elongation factors are improved in the casting, 
more subsequent operations can be performed on the 
casting. Such processes as bending, riveting, swedging 
can now be performed much more satisfactorily. Ma- 
chining rejects due to porosity can be drastically cut. 


COLD CHAMBER PROCESS 


The past year has also seen an intensive develop- 
ment program on the vacuum process as it applies to 
the cold chamber, aluminum die casting machine. The 
cold chamber machine, being a later development, 
is just now coming out of the testing stage. From 
the several machines now in test, enough information 
has been gathered to show the great potential of the 
process as it applies to the cold chamber machine. 
In addition to the many benefits as experienced in 
the hot chamber, zinc machine, there is the obvious 
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Fig. 4—Cold chamber machine expands principles of zinc ma- 
chine to include evacuation of air from cold chamber. 





ia 


Fig. 5—Cold chamber machine incorporates automatic feeding 
of metal from furnace. 


benefit of automatic feeding of metal from the furnace 
directly into the machine. One of the high cost factors 
about aluminum die casting has been the necessity or 
the hand ladling of metal from the furnace into the 
cold chamber. This is an arduous and weary task for 
the operator, besides slowing down the entire cycle 
of operation. 

In the cold chamber machine, Fig. 4, the basic 
principles as evolved by the zinc machine are further 
expanded in that the vacuum as it is applied in the 
hood evacuates the air from the cold chamber which 
is in direct communication to the die. By the simple 
expedient of connecting a feed tube from the bottom 
of the cold chamber directly to the furnace, metal is 
then automatically drawn up by means of vacuum into 
the cold chamber while the dies are spaced apart 
and the hood closed, Fig. 5. By means of a sequence 
timer and orifice in the metal feed tube, the amount 
of metal is controlled accurately so that after a pre- 
determined amount is pulled up into the cold cham- 
ber, the machine closes up and fires, Fig. 6. The cycle 
then approaches that of a hot chamber machine in 
speed. 











Fig. 6—After a predetermined amount of metal is pulled into 
chamber, machine closes. 


In the cold chamber machine the entrapment of air 
has been a more severe problem, since the cold cham- 
ber itself is a very efficient air compressor and con- 
tains a large volume of air that is pumped directly 
into the die cavity, and must of necessity be highly 
compressed. The cold chamber vacuum machine op- 
erates at cycle times equivalent to that of a hot cham- 
ber machine. Because the metal feed tube opens up 
in the center of the supply furnace, clean alloy is 
sucked up into the die without the sludges and oxides 
which would be transferred by hand ladling. Because 
the alloy, in transit from furnace to die, is kept under 
vacuum at all times, there is no oxiding or air pick-up. 

It is now possible to die cast alloys of aluminum 
heretofore unmanageable in the ladling process. Be- 
cause of the rapid transfer of metal without the pres- 
ence of air, the increased injection pressures, and bet- 
ter ability to fill the die cavities, silicon normally 
used for purposes of fluidity can now be dropped out 
of the alloy, permitting the use of high strength, high 
ductility alloys which could not be cast successfully 
before. 

The practical use of low silicon alloys opens up the 
field of anodizing finishes. Enough results have been 
obtained to date to show the practicability of the 
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process as it applies to anodizing. In the anodizing 
process, any oxide inclusions or surface porosity be- 
come immediately visible because of the etching nature 
of the anodizing process. The freedom of vacuum- 
cast aluminum castings from surface porosity and oxide 
inclusions has made anodizing possible. Results of 
anodizing low silicon alloys in color have been highly 
encouraging, and for many applications anodizing is 
now a commercial reality. 

As a result of a development program carried out 
between Reynolds Metals Co., Nelmore Mfg. Corp., 
and Reed-Prentice Corp., two new alloys have been 
developed for the vacuum die casting field which 
show great promise. 

Both these alloys were developed with anodiz- 
ing in mind. However, their mechanical properties 
and anti-corrosion characteristics have been outstand- 
ing. The L-214 is a 2.5—-4 per cent magnesium alloy, 
with less than 1 per cent silicon. This is a high strength 
alloy with about 7 per cent ductility. A most interesting 
alloy is the MD-24, which is a 4 per cent zinc alloy 
with less than 1 per cent silicon. This alloy is highly 
ductile, having 17 per cent elongation. It is also corro- 
sion resistant, takes to anodizing finish nicely and 
shows great promise for both finished parts and me- 
chanical parts where high ductility and ability to bend, 
form and twist the casting is necessary. Both of these 
alloys are very difficult to handle by hand ladling. 
Some of the results obtained have shown the -ability 
to cast very thin wall sections of aluminum. Castings 
have been made using zinc dies in which the wall 
sections were running about 50 per cent thinner than 
a normal aluminum die. These castings would normal- 
ly be prohibitive in their difficulty to run on a leading 
machine. They are run without any problem whatever 
on the vacuum machine. 

The cold chamber machine, equipped for the vacu- 
um process, presents for the first time a truly universal 
machine in its ability to run aluminum, zinc and mag- 
nesium on the same equipment. Long production runs 
on zinc parts have been made on a prototype machine, 
showing comparable speeds on medium and heavy 
section zinc parts to a hot chamber machine. The 
hot chamber machine still is needed to produce thin 
wall zinc sections requiring hardware finish. 





58 





MAGNESIUM CONTENT AND GRAPHITE 
FORMS IN CAST IRON 


By 


James F. Ellis* and C. K. Donoho* 


ABSTRACT 


The effect of increasing magnesium content in three 
different base irons on tensile properties and graphite 
structures are determined. The transition structures in 
changing from flake graphite to spherulitic graphite are 
shown and discussed. Also the effect of excessive mag- 
nesium content on graphite form is shown. An extension 
of the standard system of graphite classification is sug- 
gested. 


EXPERIMENTAL PROCEDURE 


Three distinct types of base iron compositions were 
separately melted in a 500-lb capacity basic lined 
high frequency induction furnace. In each case, the 
metal was heated to 2800 F and covered with a layer 
of calcium carbide to lower the base sulfur content 
to around the 0.01 per cent sulfur level. The metal was 
then cooled to and maintained at 2600 F throughout 
eleven successive taps into a 100-lb capacity shank 
ladle. Increasing additions of magnesium-ferro-silicon 
alloy*** were added to the stream pouring into the 
hand ladles. Additions of 75 per cent ferro-silicon were 
also made at the tap, so adjusted in amount to main- 
tain the final silicon content reasonably constant with 
varying additions of the magnesium-silicon alloy. 
Standard Steel Founder’s Society of America keel 
blocks were cast from each tap. 

Tensile and hardness values were obtained on stand- 
ard 0.505 in. diameter tensile bars machined from 
coupons in both the as-cast condition and after a ferrit- 
izing anneal. 


MECHANICAL TEST RESULTS 


Tables 1, 2, and 3 show the base compositions and 
the average mechanical properties obtained on the 
three irons studied. The first heat was a typical hyper- 
eutectic composition, the second a typical hypo-eutec- 


~—— 


* Metallurgist and Chief Metallurgist, respectively, Ameri- 
can Cast Iron Pipe Company, Birmingham, 

°°A contribution of the Microstructure of Cast Iron Com- 
mittee (5K) of the Gray Iron Division. 

°°°8 0% Mg, 47.0% Si, 0.8% Al, balance iron. 
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tic composition, and the third hypo-eutectic with an 
extremely low manganese content. The hyper-eutectic 
melt (Table 1) had about 15 per cent of pearlite in 
the as-cast condition, and the two hypo-eutectic melts 
had about 30 per cent pearlite as-cast. The annealed 
bars in each case were substantially pearlite-free. 

In order to plot the data together, the values—ten- 
sile strength, yield strength and elongation—were re- 
calculated for each series as percentage values of the 
highest value. These charts are shown in Fig. 1, 2 
and 3. Tensile and yield strengths for these three irons 
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Fig. 1 — Influence of magnesium content on tensile strength of 
ductile iron (as-cast and annealed). 
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Fig. 2 — Influence of magnesium content on yield strength of 
ductile iron (as-cast and ). 
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TABLE 1 — INFLUENCE OF MAGNESIUM CONTENT ON PHYSICAL PROPERTIES OF HYPEREUTECTIC DUCTILE 
IRON (AS-CAST AND ANNEALED). 




















Heat Number Average Base Composition 
J0728 Si S Mn P 7. 
Hypereutectic 2.85 0.012 0.23 0.036 3.66 
Tensile Properties 
As-cast Annealed 

Sample % T.S. Y.S. % TS. YS. % 
No. Mg x10-8 x10°8 EL. Bhn x10 x10°3 El. Bhn 
1 0.001 12.3 None 0.8 97 14.2 None 1.3 Soft 
2 0.0038 15.7 None 1.3 97 14.8 None 1.2 Soft 
3 0.0094 22.6 None 0.7 116 19.1 None 0.6 109 
4 0.0140 27.9 None 2.0 130 19.1 None 1.6 103 
5 0.0114 22.4 None 1.8 121 20.4 None 0.8 109 
6 0.026 30.0 27.2 2.0 134 26.7 None hy 119 
7 0.036 45.1 37.6 3.4 149 41.6 39.1 2.5 140 
8 0.047 712 50.1 23.7 163 68.0 49.8 26.8 158 
9 0.066 70.5 50.7 22.3 156 67.6 48.2 25.8 156 
10 0.079 71.6 53.3 23.1 161 65.9 47.3 23.8 153 
ll 0.104 68.6 49.3 20.6 158 63.9 46.2 25.7 149 





TABLE 2 — INFLUENCE OF MAGNESIUM CONTENT ON PHYSICAL PROPERTIES OF HYPOEUTECTIC DUCTILE 
_ IRON (AS-CAST AND ANNEALED). 




















Heat Number Average Base Composition 
J0773 __Si_ ms AS _Ma_ ae TC. 
Hypoeutectic 3.38 0.008 0.18 0.033 3.14 
Tensile Properties 
As-cast Annealed 
Sample % TS. Y.S % TS. Y.S. % 
No. Mg x10°8 x10-3 El. Bhn x10-8 x10-3 El. Bhn 
1 0.004 28.1 None 1.0 131 32.9 29.3 1.7 147 
2 0.013 30.9 25.4 1.1 170 26.5 21.2 1.8 124 
3 0.022 64.1 41.6 a 170 59.8 53.2 4.3 167 
4 0.039 81.6 58.5 9.6 183 71.3 57.1 14.0 170 
5 0.052 92.0 68.1 13.3 195 73.7 56.9 21.4 170 
6 0.053 92.9 67.9 14.1 197 72.0 55.3 22.5 169 
7 0.075 85.1 63.6 14.7 181 74.3 55.8 25.1 174 
8 0.080 81.6 62.6 19.1 177 75.7 57.5 25.4 166 
9 0.088 76.7 58.7 20.6 177 74.2 55.6 24.9 169 
10 0.124 82.2 66.7 19.4 181 80.6 62.S 20.7 177 
1l 0.156 82.0 66.4 8.8 185 76.4 58.5 17.8 177 





TABLE 3 — INFLUENCE OF MAGNESIUM CONTENT ON PHYSICAL PROPERTIES OF HYPOEUTECTIC — NIL-MAN- 
GANESE DUCTILE IRON (AS-CAST AND ANNEALED) 




















Heat Number Average Base Composition 
J0745 Si S Mn P T.C, 
NIL Mn 3.04 0.006 0.018 0.028 3.02 
Tensile Properties 
As-cast Annealed 
Sample % T.S. Y.S. % T.S. Y.S. % 
No. Mg x10-3 x10-3 EL. Bhn x10-3 x10-8 El. Bhn 
1 0.004 46.3 40.9 1.4 149 45.3 42.0 1.9 155 
2 0.017 53.0 48.2 2.0 159 51.6 46.9 3.1 152 
3 0.027 57.1 51.4 1.4 172 54.5 47.8 3.0 154 
4 0.042 64.4 56.8 2.3 176 56.4 47.0 5.6 154 
5 0.052 74.1 55.3 8.1 163 65.8 47.5 16.2 157 
6 0.063 77.8 60.0 5.3 190 68.0 49.6 16.0 154 
7 0.064 78.6 56.9 22.4 172 69.3 49.1 26.3 161 
8 0.087 84.0 56.7 19.3 183 70.6 51.0 26.5 161 
9 0.110 82.4 60.4 19.0 175 70.5 51.8 27.0 157 
10 0.136 80.5 58.5 21.6 176 73.7 54.1 25.4 163 
11 0.182 83.7 65.4 5.9 192 72.2 61.6 6.5 177 
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Fig. 3—Influence of magnesium content on elongation of 
ductile iron (as-cast and annealed). 
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(c) 
J0728 (hypereutectic). (a) 0.026% Mg. (b) 0.036% Mg. (c) 0.079% Mg. 


Fig. 4—Effect of magnesium on graphite structure of No. 
unetched. 100. 





Fig. 5—Effects of mrs te on graphite 
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Fig. 6—Effects of magnesium on graphite structure of No. J0745 (nil Mn). (a) 0.017% a. (b) 0.063% Mg. (c) 0.182% Mg. (d) 
“Spikey” graphite from sample “c”. (a), (b) and (c) unetched. 100; (d) unetched. x500 


reach a maximum at about 0.05 per cent magnesium* 
which is maintained with increasing magnesium con- 
tent, at least to the highest levels of magnesium ob- 
tained in these series. The elongation values, however, 
after increasing similarly to a maximum show a defi- 
nite down-turn with magnesium content increased 
above about 0.14 per cent. This is discussed later. 


*The authors recognize that with different metal conditions, 
and especially by sampling some time after the magnesium 
addition, substantially lower magnesium contents are found 
to give maximum properties. 


TYPICAL GRAPHITE STRUCTURES 


Figure 4, (a), (b) and (c) shows the effect of in- 
creasing magnesium content on the graphite form of a 
hyper-eutectic melt. The increasing magnesium pro- 
gressively decreases the proportion of flake graphite 
and increases the proportion of spherulites. It is in- 
teresting that in the hyper-eutectic melt there are es- 
sentially only two types of graphite—flakes and 
spherulites, and little definite “quasi-flake” or other 
intermediate forms. It is unfortunate that in this melt 
there was no sample with very high, or excessive, 
magnesium content. 
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Type-D graphite in the eutectic with spherulites occurring 
within the austenite dendrites. Etched—2% Nital. 100. 


Figure 5, (a), (b) and (c) shows the effect, respec- 
tively, of insufficient, optimum and excessive magnesi- 
um content on graphite form in a hypo-eutectic iron. 
In Fig. 5 (a), also enlarged in Fig. 5 (d), there is 
considerable “quasi-flake” graphite, as termed by H. 
Morrogh, and in Fig. 5 (c), enlarged in Fig. 5 (e), 
there is beginning to appear a small amount of “spikey” 
graphite, or other inclusions, between the spherulites. 
It is considered that the occurrence of this phase 
contributes to the falling off of elongation values as 
indicated in Fig. 3. 

In the so-called “nil manganese” hypo-eutectic heat 
the same pattern is evident, Fig. 6 (a), (b) and (c). 
Figure 6 (d) is an enlarged view of the “spikey” 
graphite occurring between the spherulities in Fig. 
6 (c). 


EUTECTIFORM GRAPHITE AND SPHERULITE IN THE 
SAME SAMPLE 

Of special interest from theoretical consideration is 
sample 1 of Table 3 which had no addition of mag- 
nesium, although spectrographic analysis showed a 
magnesium content of 0.004 per cent, presumably re- 
duced from the basic: (magnesite) lined crucible. 

Figure 7 shows that the graphite forms occurring 
in this sample consist of eutectiform, or Type D 
graphite, and well-defined spherulites occurring only 
in the austenite dendrites. Since it is well known that 
the eutectiform, or Type D graphite forms in the last 
freezing eutectic liquid, the spherulites occurring in 
the austenite dendrites must have formed previously, 
prior to the eutectic solidification, and probably in 
locally super-saturated zones produced during the first 
dendritic solidification. This mechanism of spherulite 
formation has been suggested by others. 

The fact that in the very low manganese melt some 
spherulites occur at very low magnesium levels (none 





Fig. 8 — Effect of excessive magnesium on graphite structure 
of hypoeutectic ductile iron. Unetched. 250. Analysis: 0.26% 
Mg, 2.12% Si, 3.34% C, 0.02% S, 0.41% Mn, 0.04% P, 
0.005% Sn, 0.001% Sb, 0.008% Pb. 


added) lends some support to the senior author’s pre- 
viously made suggestion that the constituent manga- 
nese sulfide in some way tends to nucleate flake 
graphite; and that when manganese sulfide is absent, 
spherulites can occur. Note the relatively high strength 
values at low magnesium levels in Table 3 and in 
Fig. 2 and 8 for the “nil manganese” melt. 


EXCESSIVE MAGNESIUM AND GRAPHITE FORM 


As a further check on the effect of excessive magne- 
sium discussed earlier, a sample was obtained from 
a hypo-eutectic iron which had been over-treated 
with magnesium in a pressure ladle. The deteriorated 
graphite structure found in this sample is shown in 
Fig. 8. A complete spectrographic study of this sample 
showed no appreciable content of “subversive” ele- 
ments sufficient to cause this deterioration of the 
spherulitic structure. However, this iron had no inocu- 
lation treatment after the addition of pure magnesium, 
which treatment might have increased the proportion 
of spherulites. 


GRAPHITE CLASSIFICATION 


From the examples shown in this and other studies, 
it is obvious that there is a real need for a graphite 
classification chart to supplement the Joint AFS— 
ASTM chart for flake graphite (ASTM A247-47). 

Figure 9 is a chart proposed by the Cast Iron Com- 
mittee of the German Foundrymen’s Association (Dr. 
A. Wittmoser, Chairman). VDG Data Sheet, July 1957, 
is reproduced by special permission. This chart shows 
the possible types of graphite associated with S. G. 
irons and would be used in conjunction with a sup- 
plementary size chart. It is believed that some of 
each of these suggested idealized graphite types have 
been shown in this study. 
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Tafel. 2. Richtreihe fir die Form von kugelgraphit 
(einschiieBlich Ubergangsformen) 











Fig. 9—Types of graphite shown in chart proposed by the Cast Iron Committee of the German Foundrymen’s Association. 
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SUMMARY AND CONCLUSIONS 


Although there are some obvious gaps in this study 
which point to the need for further work, the following 
tentative conclusions seem to be warranted: 

1) In hyper-eutectic iron increasing magnesium causes 
a gradual disappearance of graphite flakes in favor 
of true spherulites. 

2) In hypo-eutectic iron increasing magnesium causes 
the disappearance of true flake graphite in favor 
of “quasi-flake” graphite form, and then true sphe- 
rulites. 

3) In very low maaganese hypo-eutectic iron, spheru- 
lites appear at a much lower magnesium level. 

4) Excessive magnesium contents (over 0.14 per cent 
for the irons studied) cause the appearance of a 
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“spikey” graphite form with some deterioration of 
properties. 

5) Where spherulites and eutectiform graphite occur 
together in hypo-eutectic iron, it is shown that the 
spherulites form first and are contained in the 
austenite dendrites. 

6) A proposed German classification chart for graphite 
forms associated with spherulitic graphite irons is 
shown to compare reasonably with the various 
forms observed in this study. 
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A METHOD OF CASTING RADIATOR-TYPE 
FUEL ELEMENTS FOR A NUCLEAR REACTOR 


By 


A. W. Hare* and R. F. Dickerson* 


INTRODUCTION 


During the development of a reactor core for the 
Atomic Power Development Associates Fermi fast- 


breeder reactor, one of the alternate fuel element 


designs was a radiator-type element which was in the 
shape of a regular hexagon 7-1/4 in. across the points 
and 30 in. long. The hexagon cross section of the 
fuel element was pierced with about 1027 coolant 
channels which were 0.165-in. in diameter and equal- 
ly spaced on 0.195-in. diameter centers. The close 
spacing of the coolant channels gave the element a 
“honey-comb” appearance. 

Thin-walled, stainless steel coolant tubes fitted into 
the coolant channels. Liquid sodium was to be sweat- 
ed in between the fuel and the coolant tubes to insure 
an efficient transfer of heat from the fuel to the liquid 
sodium which flowed in the coolant tubes. 

Because of the unique design of this element, it 
was quite apparent that it could be most readily 
fabricated either by machining or by casting tech- 
niques or by the use of both methods. It was proposed 
that this alternate fuel element be fabricated from the 
uranium-5 w/o chromium alloy, an eutectic alloy 
which is extremely fluid at melting temperature of 
1640 F and therefore adaptable to casting techniques. 
Consequently, a program designed to determine the 
feasibility of casting the radiator type was initiated. 





(1) Atomic Power Development Associates, Inc. is a non- 
profit membership corporation chartered in the State of 
New York and supported by 34 electrical power systems, 
eight manufacturing enterprises, and four engineering 
organizations. The objective of APDA is the development 
of nuclear energy as a commercially practicable means 
of producing electric power. APDA sponsors research and 
development as part of its objective. A fast-breeder re- 
actor of the APDA design is being constructed by the 
Power Reactor Development Company, a non-profit corpo- 
ration chartered in the State of Michigan. According to 
present plans, the reactor will be built at the Enrico Fermi 
Power Plant of PRDC. 





*Battelle Memorial Institute, Columbus, Ohio 
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MELTING AND MOLDING 


The melting and casting of the alloy was done in 
a vacuum induction furnace under pressure of 1 x 
10° mm of mercury. High density graphite was 
used for the crucibles and molds. Molten uranium-5 
w/o chromium alloy is quite reactive with the at- 
mosphere and consequently, it is impractical to melt 
and cast this alloy in air. Therefore, it was necessary 
to employ the vacuum melting techniques and special 
mold materials for this alloy. 

The vacuum induction furnace which was used 
had a capacity for a 30-lb melt of steel with a 
tilt-pour type crucible. This restriction naturally limit- 
ed the size of the radiator-type elements which could 
be cast. Therefore, the size of the element to be 
studied was reduced from the original design size to 
a regular hexagon which measured 3.9-in. wide and 
was a maximum of 4-in. long. 

A relatively complex graphite mold was designed 
to form the element. High density graphite was used 
because it could be machined to close tolerances and 
was relatively inert to the molten alloy. 

The graphite mold consisted of three parts: the 
cavity assembly, the feeder assembly, and a retaining 
cup. The parts of the mold are shown in Fig. 1. 








mc © RETAINING CUP 


SEEDER ASSEMBLY 
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Fig. 1—Graphite mold consists of three parts. 
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The mold-cavity assembly formed the hexagon shape 
of the element and was fitted with a core spacer at 
the top and the bottom of the assembly. The core 
spacers aligned the cores which formed the coolant 
channels. Gates were positioned by drilling holes into 
this section of the mold. 

The mold-cavity assembly was held together and 
positioned by the feeder assembly. The retaining cup 
contained both the feeder assembly and the mold- 
cavity assembly and held the split-type mold firmly 
together. A slot which was machined. in the feeder 
assembly formed the downspout and was aligned 
with the gates in the mold-cavity assembly. When 
desired, several additional slots were made and these 
acted as risers in the mold. This type of mold, al- 
though somewhat complex, permitted various types of 
gating and risering techniques to be used without nec- 
essitating drastic change in the basic mold design. 


CORES FOR CHANNELS 


The mold for the prototype fuel element casting 
required 397 cores to form the coolant channels. 
Because no suitable core material for this type casting 
was known, a program was inaugurated for testing 
possible core materials. The results of this program 
showed that a 1/8-in. dia. stainless steel rod sprayed 
with a slurry of magnesium oxide in water to 
form a 10-mil coating was the best type of core 
material. It was necessary to protect the stainless-steel 
core rods from the molten uranium because of the 
eutectic reaction which occurs at 1332 F. 

However, these cores did not possess the dimension 
tolerances required for the castings, and the removal 
of these cores from the castings was difficult and in 
some cases impossible. It was thought that if a uniform 
coating of magnesium oxide could be applied to the 
rod, the necessary dimensional tolerances could be 
met; and if the coating thickness could be increased, 
core removal would probably be much easier. 

Two other methods of coating the stainless steel 
rods were investigated, dip coating and electrophore- 
sis. Dip coating was unsuccessful. In the electrophoritic 
method, finely divided particles are suspended in a 
fluid medium and an electrical potential is applied 
to the system. The individual particles, under the 
influence of the electrical field, are charged and move 
to the electrode where their charge is dissipated leav- 
ing a film of particles deposited on the electrode. 

After a cursory examination was made of the various 
electrolytes and magnesium oxide concentrations nec- 
essary to deposit nonporous uniform coatings on stain- 
less steel rods, it was found that 400 gr of magnesium 
oxide in 600 cc of alcohol was the most efficient 
magnesium oxide concentration. A slurry which con- 
tained 1 weight per cent bentonite and 0.75 weight 
per cent ammonium hydroxide, based on the magne- 
sium oxide content, served to increase the suspension 
of the larger particles in the bath and also to make 
the coating nonporous. Currents were generally held 
to be about 0.02-0.10 amperes and the voltage was 
maintained at about 110 volts DC. 

With this process, the production of uniform core 
rods was relatively simple. Approximately 3600 core 
rods were made and used in the production of the 
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radiator-type castings. No trouble was encountered 
in maintaining 20-mil thick coating thicknesses on 
these rods to tolerances of + 0.0005 in. None of 
these rods alloyed with the melt nor were they difficult 
to remove from the casting. 


CASTING RESULTS 


Six 2-in. high castings were made. The first 2-in. 
high casting which was attempted was unsuccessful 
because the mold did not fill completely. In subse- 
quent castings, a graphite header tube, a tube 7-in. 
long and $/4-in. in dia., was attached to the top 
of the mold. Using this header the remaining five 
castings were successfully produced. However, a 
few small shrinkage cavities were evident in the cast- 
ings. These small cavities were thought to be caused 
by carbonate impurities in the magnesium-oxide coat- 
ings of the cores. 

The first 2-in. high casting was poured at 1900 F 
into a heated mold which was at 1550 F. All other 
castings were poured at 2000 F into a heated mold 
which was at 1600 F. 

In all of the castings knife gates, 1/4-in. wide by 
2 in. high, were used to fill the mold cavity. Castings 
were made which used 1, 2, 3 or 4 knife gates to 
direct the molten metal into the cavity and in all 
cases the mold was completely filled. The molds which 
were poured with one gate were no different than a 
mold which used 4 gates. Figure 2 shows a typical 
2-in. high casting after the mold and cores were re- 
moved. Figure 3 illustrates a casting after removal 
of the gates, sprues and cores. Figure 4 shows five 
2-in. high castings stacked end to end with coolant 
tubes inserted through some of the coolant channels. 





Fig. 2—Typical 2-in. high casting after mold and cores were 
removed. 











Fig. 3—Casting after removal of gates, spures and cores. 





Fig. 4—Five castings end to end with coolant tubes inserted 
through some of the coolant channels. 


The average measurement across the flats of the 
five successful castings was 3.891 + 0.006 in. The 
graphite molds were designed to produce a casting 
which measured 3.910 in. across flat and was ma- 
chined to tolerances of + 0.005 in. Measurements of 


Fuel Elements for Nuclear Reactor 


the coolant channel diameters were taken on three 
typical castings. Average measurements for the coolant 
channels were 0.161 in., 0.161 in., and 0.160 in., re- 
spectively for the three castings. Spacing of the coolant 
channels was quite regular. 

After casting a number of 2-in. high perforated 
hexagons successfully, three 4-in. high perforated hex- 
agon castings were attempted. The casting conditions 
were identical with those for the 2-in. high hexagons, 
except that no header could be used with these larger 
castings because the facilities limited the amount of 
metal available for casting. The 4-in. high castings 
each required almost the maximum charge that the 
facilities would allow. Because a header could not be 
utilized in these larger molds the resultant castings 
were relatively porous at the top. 

In all of the hexagonal castings, a few small shrink- 
age cavities were evident in the webbing between 
the coolant channels. These small defects were ran- 
domly dispersed throughout the castings and showed 
no relation to the ingates or to the top or bottom of 
the mold. One of the molds was preheated to 1800 F 
and then allowed to cool to 1600 F prior to pouring. 
This was done to bake out any impurities which 
might have been present in the oxide coatings of core 
rods and to thoroughly degass the graphite mold. 
Nevertheless, the casting produced in this mold still 
contained the shrinkage cavities. No further work was 
attempted to eliminate these small defects. 


CONCLUSIONS 


The casting of perforated-hexagon subsections which 
were 2 and 4 in. high and about 3.9 in. wide containing 
397 perforations, 0.165 in. in diameter, was found to 
be quite practical. Optimum casting conditions for the 
chromium-uranium eutectic alloy were found to be a 
pouring temperature of 2000 F with a graphite mold 
temperature of 1600 F. Although the mold and the 
core costs for this melting and casting operation are 
relatively expensive when compared to normal melt- 
ing practices, the fact that this shape could be cast 
makes possible the production of such a shape without 
the addition of excessive machining costs. Casting of 
larger sections of the perforated hexagon appears to 
be quite feasible, but the core-alignment problem 
probably would increase with an increase in the length 
of casting. 
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SOME REMARKS ON THE RELATIONSHIP OF INTERFACE 
TEMPERATURE AND SOLIDIFICATION 


By 


V. Paschkis* and J. W. Hlinka** 


INTRODUCTION 


In a paper presented at the 1957 meeting of the 
AFS, graphs were shown, indicating the time-temper- 
ature-space distribution in a slab during freezing, 
provided the surface of the slab is held at constant 
temperature.' This “constant surface temperature” can 
be visualized as the casting-mold interface, which 
during solidification remains nearly constant. The 
study showed that the value of the interface temper- 
ature between melt and mold has a marked effect 
on the rate of solidification; therefore an investigation 
was initiated to study the influence of interface tem- 
perature. To date work has been done only on pure 
metals (freezing at a constant temperature) rather 
than for alloys (freezing over a range). In the pres- 
ent paper some conclusions are reported. A nomen- 
clature explaining the terms used in this paper is 
included in the Appendix. 

Results are shown for iron, cast in sand or chill 
and two other molds. Of course, pure iron is not 
technically significant; yet the results should be of 
considerable interest because they hold, at least quali- 
tatively, also for steel and are directly indicative of 
non-ferrous pure metals, such as aluminum, etc. But 
even more important, a generalized chart (Fig. 7) 
was developed which allows the determination of the 
total freezing time for a large slab (no end effects) 
of any pure material or eutectic alloy cast in a suffi- 
cient mold of any material, provided the conductiv- 
ity of the solid casting is twice that of the liquid. This 
latter assumption probably holds for many metals. 


DISCUSSION OF THE INTERFACE TEMPERATURE 


General Comments 


Most foundrymen will contend that the interface 
temperature between casting and mold, henceforth 
referred to as interface temperature, remains “practi- 
cally constant” during solidification. Temperature in- 
dications are relevant only in connection with a 





*Director, Heat & Mass Flow Analyzer Laboratory, Columbia 
University, New York. 

**Senior Research Engineer, Heat & Mass Flow Analyzer 
Laboratory, Columbia University. 
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reference point: the centigrade scale uses the melting 
point of ice; the Rankine and Kelvin scales the abso- 
lute zero; the Fahrenheit scale an arbitrary value. If 
one selects the melting point of the metal as reference 
point, one finds that the interface temperature is by 
no means constant; in fact, under some conditions it 
varies greatly. 

Figure 5 of the paper presented last year shows 
that if “U,” (which is a measure of the interface 
temperature using the melting point as a reference) 
changes from 0.13 to 0.11, the solidification time (ex- 
pressed as N,,*) increases from 4.0 to 4.85; yet the 
change in U, from 0.13 to 0.11 represents but a 12 
degree F difference in the case of iron. 

The value of U, introduced in the previous study 
is the dimensionless temperature difference between 
the freezing temperature of the metal and the inter- 
face temperature. As shown, with this choice the inter- 
face temperature scale is greatly expanded and any 
deviation from the supposed constancy can be readily 
detected. Thus for clarity of presentation and com- 
prehension of the effect of interface temperature on 
the solidification process, U, is potent means. 

U, is defined by Equation 1 in which: 
te is the melting (fusion) temperature of the 


metal (F) 
t, is the interface temperature _ (F) 
c is the specific heat of the metal (Btu/lb,F) 
A is the heat of fusion of the metal ( Btu/Ib) 


U,=(t—t) e/a (1) 
Additional dimensionless temperature definitions are 
for: 
a) the pouring (bath) temperature expressed in 
dimensionless terms is a measure of the super- 


heat: 
U, = (t, — t,) e/a (2) 
b) the mold temperature expressed in dimension- 
less terms is: 
U,, = (t, —t,,) e/a (8) 
where t, and t, are the initial temperature of 
the bath and mold respectively. 


The problem considered in this investigation can 
be described as the casting of a plane plate of finite 
thickness; the surface area of the plate is so great 
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Fig. 1—Geometry and boundary conditions in casting a plate. 
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Fig. 2—Temperature notations for casting a plate. 


that end effects may be neglected. The plate is cast 
(zero filling time is assumed) in a “sufficient” mold; 
ie., a mold of sufficient thickness such that cooling 
from the outside (through the flask) is significant. 
Figure 1 shows the geometry and boundary condi- 
tions whereas Fig. 2 indicates the temperature nota- 
tion. 

In all cases the conductivity of the liquid metal 
is assumed to be one-half that of the solid metal, 
whereas the volumetric specific heats of solid and liq- 
uid are assumed equal. Before the melt is brought 
into contact with the mold the former has a uni- 
form and constant initial temperature described by 
U,, while the constant initial temperature of the 
mold is defined by U,,. At time zero the melt and 
mold are brought into contact and cooling begins. 

In most cases U, will be continuously positive; but 
with high superheat, and under certain other condi- 
tions discussed below. U, may be initially negative; 





1 Theoretically results apply also to a thinner mold, provided 
the temperature gradient of the mold at the interface is at 
all times the same in the sufficient mold. 
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Fig. 4—Characteristic curves of U, for iron freezing in an 
iron mold. 


thus the original interface temperature can be higher 
than the melting point. While more results will be 
shown later, Fig. 3 and 4 are characteristic curves 
of U, for iron freezing in a sand mold and a chill 
mold respectively. Time (on the horizontal axis), is 
plotted in terms of “N,,, and defined by Equation 
4 in which the following designations are used: 

7 = time (hr) 

L = half-thickness of the casting (ft) 

k = thermal conductivity (Btu/ft, hr, F ) 

c = specific heat (Btu/Ib, F) 

« = (k/pc) thermal diffusivity (sq ft/hr) 

p = density (lb/cu ft) 

N,,.= a 7/L? (4) 
Also, cross plotted on these curves are the freezing 


plane position lines marked “n”. The term “n” is de- 
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Fig. 3a—Interface temperature vs time for sand mold. 
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fined as the ratio of the real position x (measured 
from the center of the slab (see Fig. 1) to the half- 
thickness L of the plate. The intersection of the dimen- 
sionless “n” curves, with the U, vs Ng, curve gives 
the time, N,,, at which the freezing plane reaches 
the position “n” in the slab. The chill mold results in 

much more constant U, than does the sand mold. 
An example will illustrate the point made above re- 
garding the temperature scale; the actual interface 
temperatures are plotted against time after pouring 
in Fig. 3a and 4a, for the following set of properties: 





Iron poured at 3150 F 

Melting point 2800 F 

Mold temperature 70 F 

Thickness of cast 1 ft 

Iron Sand Mold Chill Mold 

Thermal conductivity 16.93 0.9 29.0 
Specific heat 0.20 0.28 0.12 
Density 492.0 93.6 484.0 
Heat of fusion 116.8 oof 


While (in the case of the sand mold) U, drops 
nT) — 00) 250 per cent (from Fig. 3), the 


0.032 
temperature, in degrees drops only Sa 








= 1.65 per cent (from Fig. 3a). 


Factors Controlling U, 

Equation 1 defining U, does not explicitly show 
all factors contributing to the value which U, will 
take in a given casting operation. These factors are: 


Casting properties: conductivity 
(both for solid and liquid state) sepecific heat 
ensity 
latent heat of fusion 
melting point 
Mold properties: conductivity 


yo heat 
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Fig. 4a—Interface temperature vs time for iron mold. 


casting vn 
e 
initial mold temperature 
As shown above, U, may change during solidification, 
and one point of interest is to find out to what extent 
U, does change. The initial value of U, can be com- 
puted because in the first instant of contact the in- 
terface “does not know” how thick the casting is, 
so that it acts as if it were infinite in thickness, for 
which case analytical equations are available. Ini- 
tially one of two conditions can occur: 
The initial interface temperature can be above or 
below the melting point. If the superheat is such 
that the initial interface temperature is above the 
melting point, the interface temperature is defined 
by the “Riemann temperature”*: expressed by Equa- 
tion 5, in which subscripts b and m stand for bath 
(pouring ) and mold respectively, t for temperature, 
and the other notations are as in Equations 1-4. 


_ = bVlkpe), + t. Vikpe)e 4 
Vikpc), + VikpC), 


In terms of the dimensionless temperatures U,, Equa- 
tion 5 may be written: 


Lis U,, Vi{kpc),, rs U, Vikpc) i U,, — BU, 
“~~ -Vikpe), + V(kpe) 1+, 


a= Agee = 8/VK 7) 
If t; thus computed is smaller than t, the heat of 
fusion (which does not appear in Equations 5 or 6) 
must be considered. 

The interface temperature can no longer be found 
from an elementary equation; in fact without resort 
to very cumbersome procedures a method of succes- 


Operating conditions: 











U (6) where 
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Fig. 5—Characteristic curves of U, for iron freezing in a 
graphite mold. 


sive approximation appeared most appropriate for the 
determination of the initial value of U,. This method 
is greatly simplified by a graph, Fig. 9, shown in the 
Appendix together with the derivation. 


Mold Materials and U, Values 


In Fig. 3 and 4 the change of U, with time was 
shown for iron cast in a sand mold and a chill mold 
respectively. The shape of the U, curves was so dif- 
ferent that other mold materials were investigated, 
and results are shown in Fig. 5 and 6. Figure 5 
holds for a graphite mold, Fig. 6 for a mold somewhere 
between graphite and sand in its heat extracting prop- 
erties. 

Figures 3 to 6 can be interpreted for metals other 
than iron, as discussed in the next section. But if the 
melting metal is iron. then the mold materials for Fig. 
3-6 are characterized by the following properties: 





“Good conducting” 

Sand sand Graphite Chill 

Fig. 3 Fig. 6 Fig.5 Fig. 4 
Conductivity 0.9 4.5 19 29.0 
Btu/ft, hr, F 
Specific heat 0.28 0.28 0.29 0.12 
Btu/Ib, F 
Densi 93.6 93.6 140 484 
Ib/cu 


A comparison of Fig. 3-6 is revealing. As expected, on 
all four charts every curve starts at the value of U, 
as computed according to the Appendix. The drop of 
U, during freezing depends on the superheat (U,) 
and the mold. Freezing in a cast iron mold takes 
place with an almost constant U, (i.e., an almost 
constant interface temperature) even at relatively 
high values of U,, while the other molds show a drop 
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Fig. 6—Characteristic curves of U. for iron freezing in a 
a good conducting sand. 


of U, with time; a drop which is more severe in the 
case of “poorer conducting” molds than in “good con- 
ducting” molds. 

It is well to remember that the steepness is accen- 
tuated by selecting in U, the melting point of the 
metal as the reference point of the temperature scale. 
Now, it may appear surprising that the interface tem- 
perature drops least in case of a good conducting 
mold. The explanation lies in the fact that the initial 
value of U, is highest in the case of the chill mold 
and decreases as one considers “poorer conducting” 
molds. 


Significance of the Dimensionless Interface Temper- 
ature U, 


If, as was shown earlier in the paper, determinations 
of U, entail determinations of the interface tempera- 
ture, why, one can ask, go to the trouble of working 
with a dimensionless quantity. Its use, it appears, may 
result in two possible advantages; use of U, allows, 
as is shown in the section of this report “Generalized 
Solidification Rates,” a quite general presentation of 
freezing times in slabs; and the concept of U, may 
well lead to a generalized presentation of the tempera- 
ture distribution in the casting. 

These advantages seem sufficient to justify the ex- 
tra work involved in dealing with this abstract concept; 
particularly in light of the possibility of predicting 
total freezing times for slabs of any material freezing 
in molds of any material. 


Interpretation of Curves for Different Metals 


The curves Fig. 3-6 represent also the solidification 
of metals other than iron. But if the thermal properties 
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of the casting are selected, those of the mold, as well 
as pouring temperature, etc., may come out in values 
which are impractical, as will be shown below for 
the case of aluminum. This does’ not speak against 
the use of dimensionless ratios but only shows that 
more curves are required for a general representation. 
Consider the curves to be valid for aluminum, having 
properties of: 


Thermal conductivity k = 128 Btu/ft, hr/F 
Specific heat c = 0.22 Btu/Ib/F 
Density p = 170 Ib/cu ft 
Latent heat A = 170 Btu/Ib 
Melting point tr = 1220 F 


Then the mold properties for each of the four figures 
would have to be as shown in Table 1. 


TABLE 1 — MOLD PROPERTIES REQUIRED TO 
COMPLETELY VALIDATE FIG. 3-6 FOR AN 
ALUMINUM 





MELT 
Fig. k x m 
3 6.8 0.68 
4 219.0 10.0 
5 144.0 9.32 
6 34.3 3.42 





Next, in order to satisfy the same value of U,, the 
initial metal temperature would have to be as in Table 
2; for the sake of comparison the values for iron are 


added. 


TABLE 2 — INITIAL TEMPERATURES 








U, Initial temperature, (F) 
Iron Aluminum 
0.0 2800 1220 
0.2 2917 1375 
0.4 3034 1525 
0.6 3151 1675 





Finally, in order to result in the same values of U,, 
as used before the initial mold temperatures would 


have to be as follows: for the sake of comparison the 


values for iron as melt material are added. 


TABLE 3 — INITIAL MOLD TEMPERATURE 











U,, Mold temperature, (F) 
a Iron Aluminum 
4.675 70 —2330 





Cooling the mold to below absolute zero is of course 
physically meaningless; as indicated above, the con- 
clusion is that those four charts are not applicable to 
aluminum. A non-preheated mold (initial temperature 
70 F) would give for aluminum a value of 


U,, = 0.22 (1220-70)/170 = 1.49 
GENERALIZED SOLIDIFICATION RATES 


Contributions to Initial Value of U, 


As mentioned before the initial value of U, de- 
pends solely on the nature of the casting and of the 
mold and on the respective initial temperatures. Thus 
for any given material to be cast, e.g., iron or alumi- 
num the same value for the initial U, can be obtained 
for different mold materials by selecting. appropriate 
values of, say, the bath temperatures. 
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General Plot 


One can now plot the total freezing time (i.e. the 
time required for the center of the slab to freeze) 
against the initial value, designaed U,; of U,. One 
would expect to find separate curves, each one holding 
for a specific combination of mold-melt, superheat, 
mold preheat, etc. But surprisingly this is not the case, 
and all values fit a single set of curves (within 5 
per cent) as shown in Fig. 7. This chart is a result 
of many computations not presented here for lack 
of space and represents an aggregate of approximately 
170 casting determinations in which the mold tem- 
peratures were varied to extremes for both silver and 
iron, cast in the four molds previously tabulated. 

The authors feel, based on the almost perfect corre- 
lation of the data, that Fig. 7 holds for any combina- 
tion of the parameters (conductivities and specific 
heats of castings and mold, heat of fusion, initial 
temperatures of casting and mold), as long as the val- 
ue of K = 2 is used. It would be desirable by further 
studies to increase the present range of the chart to 
include higher values of N,,° 

The figure was organized for clear presentation of 
the data and ease of handling; thus instead of U,, the 
ordinate U,; + U, was chosen to give positive 
slopes to the N,,,° lines over the entire range; whereas 
the choice of U,; + U,, vs U , (instead of U,; + U, 
vs Ngo”) yields the characteristic straight lines. To 
recapitulate, Fig. 7 gives the total freezing time for a 
slab of great surface area but finite thickness, for any 
casting material, any mold material, any degree of 
superheat, and any degree of mold preheat or mold 
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Fig. 7—Relationship of total freezing time for center of casting 
to freeze vs pouring and interface temperatures when K = 2. 
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cooling; the only restriction is that the mold be “suffi- 
cient” (i.e. that its outer surface does not lose heat 
appreciably during the solidification time), and that 
the liquid conductivity of the melt may be assumed 
to be one-half of the solid conductivity. 


Examples of Application 

To show the usefulness of this presentation, a num- 
ber of illustrative examples are carried through. With- 
out further explanation “freezing time” will always 
indicate the time required for the center to reach 
the melting point. 

a) for iron. (properties as above): total slab thick- 

ness 12 in., what is the freezing time in a sand mold, 

if the iron is poured at 3150 F and the mold is 
initially at 70 F? 
Then U, = (c/a) (t, — t,) = 0.00171 (3150—2800) = 

U,, = (c/a) (t, — t,,) = 0.00171 (2800—70) = 4.67 


_ (16.9) (492) (0.2) 
~V/ (0.9) (98.6) (0.28) 





a / kpc 
B= V (kpc), 


The procedure by which U,, is found is described 
in the Appendix; however, a sand mold will generally 
yield sufficiently small values of U,, to warrant use of 
the equation presented with Fig. 9. 


= 8.4 


























Thus, 
UL oF. U, 
B v2 
U,,= — 
7 B [7 U 2 U, 2 
u-(st en ae aa 
467 06 
8. v2_ - 
2 SRO Ce Reamer ithe 
4.67 \ 2 84 \/2(460) 


and U,, + U, = 0.0326 + 0.6 = 0.633 
with (U, + U,,‘ established, reference is made to 
Fig. 7 whence a value of N,,° is obtained. At the 
point (U,, + U,) = 0.633, U, = 0.6 read, 
Ny, = 7.0 
Since Pitas = (6/12) 1/0. 172 = 1.45 
= (L?/«) N,,° = (7.0) (1.45) = 10.2 hr 


b) For this casting how is the solidification time 
affected by preheating the mold to 460 F? With this 
preheat 
U,, = (e/A) (t, — t,,) = (0.2/117) (2800-460) = 4.0 


Using the equation for small values of U,; 





40 06 

Uy= YS = 0.011 

cA 2 0.6 

+ 061+— — —— 

4.0\ 2 8.4 V 2 (4.0) 
U,, + U, = 0.011 + 0.6 = 0.611 
From Fig. 7 read: 
N,,” = 9.5 

r = N,,” (L?/«) = (9.5) (145) = 13.8 hr 


Interface Temperature and Solidification 


c) What would be the solidification time if the slab 
is cast in a cast iron mold at 70 F? 


U, = 06 
U,, = 4.67 
/ kpc 
= / = 10 
a (kpc), 


For this case U, is large; therefore it is determined 
according to the successive approximation procedure 
described in the Appendix. 


From Fig. 9 U,, = 1.78 
and U,, + U, = 1.78 + 0.6 = 2.38 


“; = (0.54) (1.45) = 0.784 hr 


d) An aluminum slab is poured in a cast iron mold 
at 70 F with a pouring temperature of 1375 F. The 
total slab thickness is 8 in. 








U, = (0.22/170) (1375-1220) = 0.2 
U,, = (0.22/170) (1220-70) = 1.485 
_ _ /(128) (169) (0.22) _ 

B= \ “@s) (484) (0.12) *8 
From Fig. 9: U,, = 0.027 
and U,, + U, = 0.227 
From Fig. 7: N,,* = 10.0 
with L?/« = (4/12)? (1/8.4) = 0.0327 


(10.0) (0.0827) = 0.88 hr 


USEFULNESS 

The chart, Fig. 7, allows the determination of the 
freezing time of any slab. If the mutual influence of 
the two parts of the casting shown in Fig. 8 is disre- 
garded, the progress of solidification in the two parts 
can be determined. In order to get uniform freezing 
the thinner part may require preheating of the mold, 
or other mold material. Consider iron cast in sand. 
Assuming the criterion for a sound casting is that the 
6-in. thick section should freeze no faster than the 12- 
in. thick part, several possibilities can be analyzed 
from the data presented above: for instance, keep the 
mold material facing A and B the same, but preheat 
the part facing B; or keep the initial mold temperature 
uniform but use different mold materials. 

Assuming, for slab A, a sand mold and other condi- 
tions as in the previous section, problem (a), the 
dimensionless freezing time was determined as: 

N,,” = 7.0, yielding a real solidification time of 
10.2 hr. If slab B were also cast in sand the dimen- 
sionless freezing time remains N,,° = 7.0 but the 
time in hours, due to the different thickness would be: 
r= (N,,") (L?/« ) =7.8 (8/12)? (1/0.172) = 2.55 hr 
ie., r = 10.2 (8/6)? = 2.55 hr 
To make slab A freeze in 2.55 hr the required N,,°* 

N,,” = «7/L? = (0.172) (2.55) (12/6)? = 1.75 


T 





From Fig. 7 for N,,*° = 1.75, U, = 0.6 
find; U,, + U, = 0.96 
U,, = 0.36 
From Fig. 2 with U,, = 0.86 
find —1) = 0. 
n B/( p= ) 30 
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A 12" 6" 8B 
Fig. 8—Slab casting 
with two different 


cross-sections. 

















Now write the latter expression which defines the 
abscissa in Fig. 9 in physical terms rather than in 
dimensionless ones: 


| Re. Vkpe 
U, ails 7 
—= —] a aS 
Ui vkpe, 03a ~ | 


Rearranging and substitution of the casting properties 
yields 
B 8400 
——— = ——- = GBD 
V (kpc), (2590 — t,, ) 





= 0.30 





| 
(2590 — t,,) = 28000/V/(kpc),, (8) 


This equation shows the relationship between the 
initial mold temperature and the mold properties re- 
quired to obtain a 2.55 hr freezing time in slab A. If 
one wishes to pre-cool a sand mold having the same 
properties as the sand facing slab B, the required 
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temperature of the mold is 
t, = 2590 — 28900/ (0.9) (93.6) (0.28) = — 3160 F 


If pre-cooling is undesirable (or impossible as in this 
case) a different mold may be computed. If t,, is to 
be maintained at room temperature Equation 8 yields 
a mold with 


71 28000 
V(kpC)m = T9599-70) ~ Ll 


(kpc), = 123. 


Thus a mold material having a product of conductivity 
and volumetric specific heat of 123 would permit 
both slabs to completely solidify at the same time, 
namely 2.55 hr. Additional manipulations of Equation 
8 for purposes of investigating the optimum casting 
procedure in this particular example would be to (1) 
decrease the solidification time of slab A and increase 
the solidification time of B to some intermediate time 
by choosing another mold material for slab B. (2) 
Preheat or precoo] differently the two parts of the 
mold. 


FURTHER WORK 
The correlation, permitting the expression of freezing 
times in terms of the initial interface temperature is 
so simple and inclusive that a number of further steps 
suggest themselves. 





Fig. 9—Chart used in calculating 
time required for center of cast- 
ing to reach the melting point. 
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1) Investigate more fully the cases having conditions 
such that the initial interface temperature is above 
the melting temperature. 

2) Set up similar charts for the case of equal conduc- 
tivities of the liquid and solid metal. 

3) Explore influence of limited mold thickness, in- 

cluding outside heat losses and interface air gaps 

caused by casting shrinkage. 

Extend work to cover alloys freezing over a range. 

Connect the relation of total freezing time with 

the expressions for temperature distribution, shown 

in last year’s paper. 

Extend work to cover other shapes. 

Relate results, particularly of present work and of 

items 1, 2, and 5 above with riser dimensions. 


ie 
—— 


~1 
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APPENDIX 


Determination of Initial Value of the Interface Tem- 
perature (Provided the Initial Interface Temperature 
is below the Solidification Point). 


If Equation 5 results in a temperature below the 
solidification temperature the following procedure ap- 
plies: 

1) Equations 

The initial interface temperature can be determined 
analytically?; however the solution is quite difficult 
because a constant “a”, which determines the pro- 
gression of the freezing plane, need be extracted 
from complicated equations which are best solved by 
trial and error. Equation (9) and Equation (10) are 
the defining equations for the constant “a” and the 
initial interface temperature, U,;, in terms of U,,, B, 
and U, . 


Ue” we 





bteh V¥n-ae ** (9) 
_ U,, erfa 
Ua = B+ erfa (19) 


These equations are to be used if greater precision is 
required than that which may be obtained from the 
use of Fig. 9. The constant “a” may be looked upon 
as any number which will satisfy both equations; 
once “a” is determined, U,; follows. 

When U,, is sufficiently small, Equation (9) and Equa- 
tion (10) may be expanded into series expressions 
and simplified, forming Equation 11 from which U,; 
may be determined directly. This equation is valid for 


certain combinations of B/ (5 —] jana U,, . These 
combinations are marked in Fig. 9 (see left lower 


side). 





Interface Temperature and Solidification 


2) Use of Fig. 9 
Figure 9 is a graphical aid to the solution of Equa- 
tions 9 and 10. Its use is a simple and direct trial and 
error procedure which bypasses the necessity of de- 
termining the constant “a”. The use of this figure 
is best explained by an example. 


a) In the Section entitled “Generalized Solidification 
Rates” example c) the following casting conditions 
prevailed: 


U, = 06 
U, = 467 
Bg = 10 


For this case determine U,, 


(i) Assume arbitrarily value of U,,, e.g. U,, = 1.0 


B 1 
aes. 4.67 
ge 
From Fig. 9 read for the curve U, = 0.6 and the 
abscissa of 0.272 an ordinate of 
U,, = 0.80. 

This is less than the assumed value of U,, = 1.0 
and a new value of U,, is to be assumed. 


- = 0.272 
= 3 





(ii) As second trial assume U,, = 2.0 
From Fig. 9 and the U, = 0.6 curve, using the 
insert read, at 


S— 


U,, = 3.70 > 2.0 


Note in trial (i) the assumed U,, was above the 
calculated U,, and vice versa in trial (ii); thus the 
answer lies between U,, of 1.0 and 2.0. (iii) As 








third value assume U,, = 1.8 
8 __ — 0.695 
1 
U 


al 


U,, = 192 > 18 
(iv) Finally assume U,, = 1.78: 


ar 

Un_j 

U,, 

U,, = 1.78 = 1.78 check. 
Nomenclature 
c specific heat, Btu/Ib, F 
k thermal conductivity, Btu/hr, ft, F 
L half-thickness of slab, ft 
t temperature, F 
x position in slab measured from center, ft 
x * thermal diffusivity, sq ft/hr 
r latent heat of fusion, Btu/]b 
p density, Ib/cu ft 


time, hr 


4 
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Property Subscripts 
Lack of subscript refers to solid state metal properties. 


b liquid state properties 

m mold properties 

Temperature Subscripts 

b pouring or bath temperature; i.e., initial tem- 
perature of melt 

f freezing or melting point of casting 

i interface temperature between melt and 
mold 

m mold temperature, initially 


Dimensionless Notation 
n=x/L dimensionless position in slab 


N,,= « 7/L? dimensionless time with reference 
to solid state properties and half- 
thickness of slab 

N,,.. = «= 7°/L? _ total, dimensionless freezing time; 


i.e., when center of casting freezes 
U, = (c/a) (t, — t,) dimensionless interface tempera- 
ture 
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U,, = (c/a) (t, — t,) dimensionless interface tempera- 
ture at first instant of contact of 
: melt with mold 
U,, = (e/a) (t, — t,) dimensionless pouring temperature 
U,, = (c/a) (t, — t,,) dimensionless mold temperature 


initially 
kpc ratio of solid state properties of 
B= \/ (kpo),, melt to mold properties 
K =k’/k,, ratio of solid state conductivity to 


liquid state conductivity 
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NEW ALUMINUM-MAGNESIUM-ZINC 


CASTING ALLOY 


H. C. Rutemiller* 


ABSTRACT 


A new heat treatable aluminum casting alloy desig- 
nated as X250 has been developed for applications 
requiring good ductility, high tensile strength and ex- 
cellent resistance to corrosion. This alloy contains 8 per 
cent magnesium, 1.5 per cent zinc, 0.25 per cent man- 
ganese, and 0.15 per cent copper. Casting characteristics 
and mechanical and physical properties are similar in 
general to those of the aluminum—10 per cent magne- 
sium alloy, 220-T4, but alloy X250-T4 offers two im- 
portant advantages—better resistance to stress-corrosion 
cracking and greater stability of tensile properties during 
natural aging. 


INTRODUCTION 


Widely varied physical and mechanical properties 
are available among aluminum sand casting alloys 
to fit the diversified requirements of engineering de- 
sign. Where castings with high ductility and tensile 
strengths are specified, the binary aluminum-l0 per 
cent magnesium alloy! designated as 220 is particular- 
ly well suited. In the solution heat treated and 
quenched condition, alloy 220 provides, in addition 
to superior mechanical properties, good machinability 
and excellent resistance to corrosion. 

One feature of alloy 220-T4 that is an economic dis- 
advantage is the need for a special quenching tech- 
nique after solution heat treatment to provide an ade- 
quate resistance to stress-corrosion cracking. A quench 
in hot oil, or alternatively, a carefully timed interrupt- 
ed boiled water quench is required*. Furthermore, 
there is always the possibility of erroneous or acciden- 
tal use of a too rapid quench in practice. A second 
characteristic of alloy 220-T4 that is susceptible to 
improvement is that its mechanical properties are 
altered slowly during natural aging. After very long 
aging periods, a significant decrease in ductility may 
occur. 

This paper describes a new sand casting alloy, 
X250, which is the result of an investigation to devel- 
op an alloy that would retain the desirable mechanical 


*Research Metallurgist, Alcoa Research Laboratories, Alumi- 
num Co. of America, Cleveland. 


and physical properties of alloy 220-T4, and be better 
with regard to the two features mentioned above. 
The principal change in chemical composition from 
alloy 220 is the substitution of zinc for part of the 
magnesium content. 

The nominal composition of the new alloy is: 8 
per cent magnesium, 1.5 per cent zinc, 0.25 per cent 
manganese, and 0.15 per cent copper, with smaller 
amounts of titanium and boron for grain refinement, 
and beryllium for resistance to oxidation during melt- 
ing and casting*. Comparative data on mechanical 
properties and resistance to stress-corrosion cracking 
are presented herein for alloys X250-T4 and 220-T4. 
The influence of some variations in chemical composi- 
tion on the properties of alloy X250-T4 is shown, and 
physical properties of the alloy are given. 


PROCEDURE 


Tensile test bars cast to 0.505 in. diameter in green 
sand molds were used for evaluation. Melts were 
heated to 13870 F (743 C), then thoroughly fluxed 
with chlorine gas as they cooled to 1340 F (727 C), 
the pouring temperature. A two-step solution heat 
treatment is used for alloy X250, consisting of at least 
8 hr heating at 825 F (440 C), followed by 8 hr at 
925 F (496 C), and a full boiling water quench from 
925 F. Castings with very thick sections may be 
cooled to 825 F before quenching, to reduce the possi- 
bility of quench cracking. 


STRESS-CORROSION CHARACTERISTICS 


The laboratory stress-corrosion test for aluminum 
casting alloys consists of loading a tensile test bar in 
a jig* to an elastic deformation corresponding to a 
stress of about 75 per cent of the yield strength. The 
specimen is continuously exposed to a highly corrosive 
solution of 5.3 per cent sodium chloride plus 0.3 per 
cent hydrogen peroxide. If stress-corrosion cracking 
does not develop during 14 days, the material is 
judged to have an excellent resistance to stress-corro- 
sion cracking. Failure of an alloy to pass this highly 
accelerated test does not mean that stress-corrosion 
will necessarily be a problem in service, but merely 
that additional service-type tests should be made. 
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The resistance to stress-corrosion cracking of cast 
aluminum-magnesium alloys is invariably excellent im- 
mediately after solution heat treatment. It is only 
after a considerable period of natural aging, six months 
or even longer, that stress-corrosion cracking may be- 
come a problem. To avoid the delay which would be 
necessary before testing, a “sensitizing” treatment has 
been developed which brings out latent susceptibility. 
Samples heated at 212 F for 30 hr after quenching may 
be stress-corrosion tested immediately. This treatment 
was used for both alloy X250-T4 and alloy 220-T4 in 
the present work. Typical results from the 14-day 
accelerated test, using a stress level of 19,000 psi were: 
Life in 14-day Test 








Quench 220-T4 X250-T4 
Full Boiling Water 1 day No failures 
Interrupted Boiling Water Nofailures No failures 


Specimens of alloy X250-T4 given a full boiling 
water quench and aged for one year at room temper- 
ature, in lieu of the sensitizing treatment, also with- 
stood the 14-day test without failure. 


MECHANICAL PROPERTIES 


Allowance for deviations from the nominal com- 
position of alloy X250-T4 would be necessary during 
commercial production. The limits of 7.4—8.4 per 
cent magnesium and 1.2—1.7 per cent zinc were 
dictated primarily by the results of stress-corrosion 
tests. The tensile and yield strengths of alloy X250-T4 
increase with increasing magnesium and zinc contents. 
The effect of variations within composition limits on 
tensile properties is illustrated in Fig. 1. Representa- 
tive properties for alloy 220-T4 of nominal composition 
are included for comparison. Tensile properties of the 
two alloys are about equivalent, and the minimum 
specification of 42,000 psi tensile strength and 12.0 
per cent elongation used for alloy 220-T4 are applica- 
ble to X250-T4. 
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Fig. 1 — Effect on tensile properties of Mg and Zn variations 
within composition limits of. alloy X250-T4 (crosshatched 
areas). Representative alloy 220-T4 properties also shown. 
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TABLE 1 — EFFECT OF COPPER AND MANGANESE ON 
THE PROPERTIES OF AI-8.0% MAGNESIUM-1.5% 
ZINC ALLOY 


Tensile Yield Life in 
strength, strength, Elongation, 14-day stress 








% Cu %Mn psi psi Jo corrosion test 
0.01 0.01 52,700 25,800 24 10 days 
0.15 0.01 54,100 28,500 20 No failures 
0.36 0.01 49,400 29,100 14 2 days 
0.15 0.26 56,400 29,500 19 No failures 
0.16 0.50 59,200 32,200 13 10 days 





The effect of copper and manganese on the tensile 
properties and resistance to stress-corrosion cracking 
of alloy X250-T4 is shown in Table 1. The addition 
of 0.15 per cent copper provides an important increase 
in resistance to stress-corrosion cracking and a slight 
improvement in tensile properties. A 0.25 per cent man- 
ganese addition is beneficial to tensile properties with- 
out affecting resistance to stress-corrosion cracking. 
Further increases in either copper or manganese are 
detrimental to both properties. Limits of 0.1-0.2 per 
cent copper and 0.2-0.3 per cent manganese have been 
adopted. 

A summary of typical mechanical properties for 
alloy X250-T4 is presented in Table 2. Determinations 
were made 14 days after solution heat treatment. 

Figure 2 shows the effect of one year of room tem- 
perature aging on the tensile properties of X250-T4 
and 220-T4 alloys. While both alloys showed about 
a 20 per cent increase in yield strength after one 


TABLE 2 — MECHANICAL PROPERTIES OF 
X250-T4 ALLOY 








Specified 
Typical values minimum values 
Tensile strength, psi 55,000 42,000 
Tensile yield strength, psi 28,000 


Elongation 18% 12% 
Brinell hardness (500 kg, 10 mm) 90 
Compressive yield strength, psi 30,000 
Shear strength, psi 35,000 
Endurance limit (R. R. Moore type 
specimen; 500,000,000 cycles), psi 13,000 




































































€ 60po0 
WwW e- nt 
Jz ———n x250-T4 
%& 55,000 ——— 
z ~ 
wi ‘teed eens on ae aye ee Pe! PES 
Ke [ 
- 
@ $0,000 
@ 40,000, x250 7 
a * 
ox ao ae 4 
Z & 30900 — 220-14 
E 4 as 
a a anh 
| = 
® 20,000 
Ke 
z 
« 
wi 
a 
z i 
° . x250-T4 
~ 
oO 220-T4 ~~ 
z 
o 
pe | 
w 





20 30 4050 100 200 365 


' 23646 10 
ROOM TEMPERATURE AGING, DAYS 


Fig. 2 — Effect of room temperature aging on tensile proper- 
ties of 220-T4 and X250-T4 alloys. 
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Fig. 3 — Effect of elevated temperature aging on the room 
temperature tensile properties of X250-T4 alloy. 

year, the ductility of X250-T4 remained relatively 
constant. 

Alloy X250-T4, like 220-T4, should be used for ap- 
plications where operating temperatures do not ex- 
ceed 200 F (93 C). The effect of heating at elevated 
temperatures on tensile properties is shown in Fig. 8. 


PHYSICAL PROPERTIES 

Other characteristics of alloy X250-T4 are as 
follows: 
Specific gravity 2.64 
Weight, lb/cu in. 0.095 
Electrical conductivity (per cent of In- 

ternational Annealed Copper Std.) 24 
Thermal conductivity at TIF (25C) 

(C.G.S. units) 0.24 
Average coefficient of thermal expan- 


sion, per degree F 


Range 68—212F 13.4 x 10° 
Range 68—392F 14.1 x 10° 
Range 68—572F 14.5 x 10° 
Approximate melting range, F 850-1135 
Machinability Excellent 
Resistance to corrosion Excellent 


Aluminum-Magnesium-Zinc Alloy 


CASTING CHARACTERISTICS 

Sand castings of alloys X250-T4 and 220-T4 have 
been made and compared using commercial pattern 
equipment. The tensile properties of specimens cut 
from alloy X250-T4 castings were consistently higher 
than those cut from alloy 220-T4 castings, indicating 
that the new alloy has better feeding characteristics. 
However, the casting practices developed for alumi- 
num-magnesium alloys, which include thorough chlo- 
rine fluxing and the use of extensive chilling and 
careful gating and risering practices*, will still be nec- 
essary to realize the inherent high properties of alloy 
X250-T4 in commercial castings. 


APPLICATION 


Alloy X250-T4 is particularly suitable for sand cast 
parts where good ductility, high tensile strength and 
excellent resistance to corrosion are desired, and where 
sustained operating temperatures do not exceed 200 
F (93 C). The most attractive applications at present 
appear to be aircraft structural parts, frames and hous- 
ings for marine applications; construction equipment 
subject to impact loads; and equipment for the dairy, 
food and chemical industries. 
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DUCTILE HIGH STRENGTH TITANIUM CASTINGS 
BY INDUCTION MELTING 


By 


J. Zotos,* P. J. Ahearn,* and H. M. Green* 


ABSTRACT 


Titanium alloy scrap was remelted by a modified 
induction melting technique and then processed into 
castings. Metallurgical evaluation of the castings includ- 
ed chemical analysis, macro and microstructure, and 
mechanical properties. 

These tests indicate that scrap titanium can be re- 
processed by induction melting and still exhibit de- 
sirable engineering characteristics that make it a useful 
foundry alloy. 


INTRODUCTION 


Melting and casting titanium and titanium-base al- 
loys are difficult because of the metal’s extreme reac- 
tivity with materials at elevated temperatures.! Even 
as early as 1939, Kroll discovered that molten titanium 
reacted violently with ordinary refractories such as 
silica, alumina, magnesia, and zirconia.? The melting 
process is complicated further because molten titanium 
rapidly dissolves oxygen and nitrogen; and their pres- 
ence, even in small amounts, severely reduces the 
mechanical properties of the metal.* Therefore, con- 
ventional melting and casting techniques require con- 
siderable modification for application to titanium. 

The affinity of molten titanium for refractories has 
caused a lag in the development of suitable titanium 
casting processes in comparison with progress achieved 
in producing wrought titanium products. Metallurgical 
investigations over the past few years have indicated 
that production of cast titanium products on a com- 
mercial basis is a possibility in the very near future. 

Titanium and titanium-base alloys are melted with- 
out atmospheric or refractory contamination in con- 
sumable-electrode and fixed-electrode, skull-melting 
furnaces under vacuum or a protective atmosphere of 
inert gas. The consumable-electrode furnace can either 
lip-pour or directly cast an ingot from progressive 
melting of the electrode, depending upon the desired 
product. Successful operation of the lip-pour type 
requires a rapid meltdown so that a minimum of 
titanium solidifies in the water-cooled copper crucible 


*Metallurgists, Rodman Laboratory, Watertown Arsenal, Wa- 
tertown, Mass. 
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before tapping the melt and limits the capacity of the 
melting equipment. 

The direct-casting type produces ingots by melting 
and solidifying layer upon layer of titanium in a 
water-cooled copper mold. These ingots have surface 
imperfections and are heterogeneous to some extent. 
The tungsten or graphite-tipped fixed-electrode furnac- 
es can be lip or bottom poured. Ingots and castings 
of limited sizes and shapes can be produced in either 
graphite or copper chill molds. In general, the operat- 
ing technique required to produce titanium castings 
using the arc melting furnaces requires considerable 
skill on the part of the operator, for he must estimate 
when the optimum conditions for pouring exists. Also, 
it is difficult to get the desired amount of uniform 
superheat into the melts in the production of castings 
because of the detrimental effect of the superheat on 
the furnace skull.‘ 

Titanium castings weighing up to 75 lb have been 
produced with a consumable-electrode, lip-pour, skull- 
melting arc furnace, using a water-cooled copper cru- 
cible.® Several castings weighing from 2 to 50 lb 
have been made in fixed-electrode, lip and bottom- 
pour, skull-melting arc furnaces using graphite and 
water-cooled copper crucibles.*7*° Investigators have 
used these furnaces to cast titanium-silicon’ and ti- 
tanium-aluminum-silicon® alloys, and to evaluate a 
variety of mold materials.® 


Carbon Contamination 


Tilt and bottom-pour induction-melting furnaces 
with graphite or refractory linings have been used to 
melt titanium and produce castings weighing from 6 to 
15 Ib.1%-11.12 This melting process yields homogeneous 
melts, and adequate superheat is attained for the man- 
ufacture of castings in water-cooled copper or graphite 
molds. When titanium is melted in a graphite-lined 
induction furnace, the carbon contamination ranges 
between 0.3 and 1.0 per cent,}*-141516 but the metal 
is considered unmachinable on a production basis if 
the carbon content exceeds 0.7 per cent. 

Recently, the Rodman Laboratory experimented 
with a levitation skull-melting technique, using a tilt- 
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pour, graphite-lined induction furnace to produce 
titanium ingots weighing from 20 to 25 Ib with carbon 
contents of 0.13-0.22 per cent.!7 This technique has 
been further developed to remelt titanium scrap to 
produce titanium ingots and castings weighing up to 
35 lb with a maximum carbon content of 0.15 per cent. 

The chemical reactivity of molten titanium with re- 
fractories limits the type of mold materials for produc- 
ing smooth, sound titanium castings. Research conduct- 
ed on shell molds of refractory oxides such as alumina, 
magnesia, silica, zircon, and zirconia showed that the 
oxides contaminated the titanium, with the thicker 
sections suffering the greatest. Various baked sand- 
mold mixes and investment mold materials were in- 
vestigated for producing titanium castings, but the 
mold-metal reaction resulted in contamination of the 
product.’®.?° Machined graphite, one of the first mold 
materials for casting titanium, is still used in spite 
of its high cost. 

Edelman and Feild have overcome this economic 
disadvantage by developing an expendable graphite 
mold. This is composed essentially of a graphite pow- 
der that can be molded on wooden patterns with 
existing foundry equipment and techniques.”! 

The literature contains some data on the mechani- 
cal properties of heat treated titanium alloy castings 
at strength levels between 60,000 and 120,000 psi, 
but few researchers have investigated properties at 
higher strength. Structural applications for titanium 
castings will require a high strength-to-weight ratio. 
The objective of this investigation was to provide 
needed data by evaluating mechanical properties and 
the general metallurgical nature of cast titanium at 
the high strength levels. 


PROCEDURE 


The melting technique employed has previously 
been reported in detail. A coreless high-frequency 
induction furnace, mounted on trunnions inside an 
airtight chamber and powered by a 330 kva, 960 cycle 
motor generator, was used to melt the 6 per cent alu- 
‘ minum, 4 per cent vanadium, scrap titanium selected 
for this work. The 30 Ib charge is placed in a graphite 
crucible; and the chamber is sealed and evacuated to 
a pressure of 500 microns. The electrical system em- 
ployed does. not operate under vacuum so an inert 
atmosphere of helium is introduced into the system 
to a slight positive pressure. After the power is turned 
on, the charge is melted and poured into a graphite 
mold in a 9 min. period. The rapid meltdown results 
from the high power input (300 kw) of the induc- 
tion coil. 

The major problem in induction melting titanium in 
a graphite crucible is the carbon contamination of 
the molten bath. This melting procedure minimizes 
contamination by reducing the area of contact 
between graphite crucible and molten titanium. 
As melting proceeds, the induction field pulls the 
molten titanium (Fig. 1) away from the walls of the 
crucible. Since a titanium skull is located in the base 
of crucible, the only point of contact between side- 
wall and the molten bath is at the top of the skull ( Fig. 
1). The small area of contact, coupled with a fast 
meltdown, produces 30-40 lb titanium ingots with a 
maximum carbon contamination of 0.15 per cent. 
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Fig. 1 — Titanium melting process. 
















































































Fig. 2 — Location of test blanks. 


The object of this investigation was to evaluate the 
metallurgical characteristics of the cast ingot resulting 
from this technique and to study the feasibility of 
pouring shape castings from the induction melted 
titanium. Study of the ingot material consisted of 
chemical analysis, macro and microscopic examination, 
and mechanical testing of heat treated blanks from the 
cast ingots. Accordingly, samples were removed from 
the ingots for analysis of alloying elements and con- 
taminants such as carbon, oxygen and nitrogen. A 
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Fig. 3 — Macroetch of ingot section. 


macro-test was conducted on a longitudinal surface 
through the center of an ingot. This surface was 
ground, etched in a solution of 10 per cent concen- 
trated hydrofluoric acid and 90 per cent water for 5 
min., and then examined to obtain information on 
the general macrostructure and shrinkage character- 
istics of the cast titanium. 

Heat treatments were conducted on test blanks that 
had been removed from the ingot in accordance with 
the sketch of Fig. 2. The first treatment consisted of a 
solution anneal; the second was a solution and high- 
temperature age; while the third and fourth were 
selected as being representative of typical commercial 
hardening cycles in the treatment of 6 per cent alumi- 
num, 4 per cent vanadium titanium alloy. 

The actual heat treatment cycles were as follows: 





Treatment No. Solution Age 
1 1750 F, 1 hr — furnace cool 
2 1750 F, 1 hr — air cool 1200 F, 24 hr 
— air coo 
3 1750 F, 1 hr — water quench 1050 F, 1-% hr 
— air cool 
4 1550 F, 1 hr — water quench 1000 F, 24 hr 


Upon completion of the heat treatments, the blanks 
were machined into standard tensile (0.357 in.) and 
V-notch Charpy bars. Yield strengths were determined 
at 0.1 and 0.2 per cent offset; while the Charpy bars 
were broken at room temperature and -40 F. In addi- 
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Fig. 4 — Macroetch of casting. 


tion, metallographic examination of structures devel- 
oped by the heat treatments were compared with 
the cast microstructure. This was done to assess the 
effectiveness of the solution treatments in dissolving 
the small amount of intermetallics present and to 
determine visually the effect of heat treatment on mi- 
crostructure. All metallographic specimens were etched 
in a 1:1:3, HF: HNOs:glycerine solution. 

Interest was then directed toward the manufacture 
of a useful titanium casting. A suitable mold was 
machined from block graphite and then placed in the 
vacuum tank. A heat of titanium was melted in ac- 
cordance with the outlined procedure and poured 
into this mold. After shakeout, the casting was blasted 
with aluminum-oxide grit and examined for cold shuts, 
definition and surface defects. A longitudinal surface 
through the center of the casting was then macro- 
etched and examined in the same way as previously 
described for the ingot. 


RESULTS AND DISCUSSION 


The chemical analysis of the ingot that was heat 
treated and tested, the general range of analyses on 
similar ingots, and the average interstitial content of 
the scrap employed are given in Table 1. 

The major problem in chemical control has been 
the increase in carbon content during the melting 
operation. This increase averages 0.12 per cent carbon 
and does lower ductility and impact resistance. The 
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TABLE 1— ANALYSES OF SCRAP AND INGOTS 
Per cent by weight 
eA Al ee 
Ingot 4.05 6.28 0.15 
Chemical range of ingots 4.0-4.1 6.0-6.4 re ; 


Interstitial content of remelt scrap 
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Fig. 5 — Surface of casting. 


other interstitials, nitrogen, oxygen and hydrogen, do 
not increase to a harmful level although some thought 
has recently been given to the control of these ele- 
ments, for they may contribute to harmful gas porosity 
in the castings. 

The macroetch test information is presented in Fig. 
3 and 4. The ingot section of Fig. 3 shows a marked 
columnar structure resulting from the chill effect of 
the graphite mold. Both the ingot and casting are 
sound with a moderate amount of solidification shrink- 
age at the top. Observed shrinkage seems to infer 
that riser volume required in casting of titanium is 
less than that for steel castings. There has been some 
experimentation with radiation shields above the riser 
surface to prevent capping over, but to date this has 
not been successful. 

It will be noted that the macroetch surface at the 
top of the ingot (Fig. 3) does show a small area 
that may be associated with gas, while the macroetch 
of the casting (Fig. 4) does not exhibit this condition. 
Currently, every effort is being made to reduce hy- 
drogen content by thoroughly drying all material going 
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Fig. 6 — Mechanical properties. 


into the melting chamber and preheating the molds. 

Cast surfaces of ingot and casting were studied. In- 
gots have been poured with little or no superheat in 
order to minimize furnace time and solution of carbon 
by the heat. Thus the ingot had cold shuts and 
laps resulting from a low pouring temperature and 
the chill action of the graphite mold. This condition 
was partially alleviated in the casting (Fig. 5) by a 
small amount of superheat in. the melt and by pre- 
heating the mold. 

TABLE 2— MECHANICAL PROPERTIES 
Ultimate 


0.1% yield 0.2% yield __ tensile Reduction 
Heat strength strength strength Elong. of area 
i psi 








treatment psi _psi %o % 
1 131,500 133,000 143,750 11.4 21.6 
132,000 134,500 147,000 12.9 15.6 
2 137,400 139,800 150,800 10.7 11.9 
133,800 135,800 147,400 9.3 11.4 
Center® 136,000 139,000 148,600 4.3 4.9 
36,200 139,000 149,800 9.3 15.6 
3 153,500 157,500 167,400 8.6 18.1 
155,000 159,000 169,400 10.0 14.0 
4 15 155,800 160,600 3.6 4.4 
152,200 155,000 160,600 2.9 5.5 


*All specimens taken from periphery, except where noted. 
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1 hr, water quenched, 1000 F for 
24 hr, air cooled. Left, 250. 
Right, <1000. 


The mechanical properties, after the various heat 
treatments, are presented in Table 2 and Fig. 6. Micro- 
structures, typical of the as-cast state and each heat 
treatment are shown in Fig. 7, 8 and 9 at <250 and 
1000. Figure 7 illustrates the as-cast microstructure 
at the surface and center, respectively, of the ingot. 
These show the distribution of intermetallics in the 
boundaries and within the transformed beta grains. 
Figure 8 shows that after a solution treatment at 
1750 F for 1 hr and a 1-1/2 hr age at 1050 F, the 
intermetallics have been completely dissolved. In fact, 
all treatments involving a 1750 F hold resulted in com- 





plete solution of the intermetallics which were present 
in the as-cast condition; whereas, a typical hardening 
treatment, involving a quench from 1550 F and a 24-hr 
age at 1000 F (Fig. 9), still shows some grain bound- 
ary constituent. 

The mechanical tests substantiated these observa- 
tions, as the fracture surfaces of all tensile specimens 
given some type of treatment at 1750 F revealed little 
or no cleavage; whereas, the fracture surfaces of the 
tensile specimens given the 1550 F treatment showed 
cleavage along beta grain boundaries. As is to be ex- 
pected, the ductility of material given the 1550 F 
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treatment was inferior to that of material treated at 
1750 F. Thus, it is evident that either the lower solu- 
tion temperature or smaller solubility in the alpha 
phase is responsible for the above results. 

The optimum strength-ductility relationship is ob- 
tained with a 1-hr, 1750 F solution treatment, water- 
quenched and aged at 1050 F, 1-1/2 hr. The ductility 
of material given this treatment exceeded the minimum 
requirements set forth for extrusions in the transverse 
direction in Military Specification WA-PD-76C(1). 
However the Charpy impact strength, on the basis of 
a few preliminary tests, falls between 5 and 7 ft-lb at 
-40 F, indicating that the material is somewhat notch 
sensitive. 


CONCLUSION 


It has been shown that scrap titanium alloy can 
be remelted and made into castings with mechanical 
properties approaching the specification for forged 
titanium. The economic advantages of remelting scrap 
need not be discussed, but the method of melting 
appears to have significance in making castings. The 
induction stirring of the melting furnace produces 
metal of uniform composition and temperature. 

Heretofore, such conditions have not existed in the 
casting of titanium. Further experimental effort is be- 
ing directed toward reducing interstitial content, inves- 
tigating mold materials and improving heat treatments. 
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OCCURENCE AND ELIMINATION OF LEAKAGE 
IN A GUN METAL CASTING 


By 


Marvin Glassenberg,** Alfred H. Hesse,*** and William H. Baer**** 


INTRODUCTION 


The excellent corrosion resistance to sea water of 
gun metal or “G” bronze is widely known. However, 
the relatively wide region between the liquidus and 
solidus (mushy region) for this alloy has presented 
considerable difficulties to the foundryman in attempt- 
ing to produce pressure-tight castings. 

An investigation was conducted to determine fac- 
tors which influence porosity in a particular gun metal 
casting and to find methods which would minimize 
this condition. A suction head casting weighing approx- 
imately 38 lb in the “as-cast” condition, Fig. 1, was 
selected for testing purposes. This particular casting 
was chosen because of its relatively high scrap rate 
in a production foundry. Using a ring-type gating 
system!, porosity was studied in reference to gate 
and runner size, variations in the number of gates, 
blind risers, melt quality, pouring temperature, and 
chills. Studies were made by means of x-rays, pres- 
sure-tightness of the “as-cast” and “machined” casting, 
and macro and microexaminations. 

This is a final report on the study of porosity in 
gun metal castings sponsored by the Navy Department, 
under Contract NOBS-62508, the prime contractor for 
which was Stemac, Inc. A progress report was pre- 
sented before the annual 1955 AFS Convention in 
Houston, Texas, and later published in the 1955 AFS 
TRANSACTIONS, page 233. 


PROCEDURE 


Casting and Gating System 
The suction head casting (Std. Navy Stock No. H11- 


WOR 14638) and ring-type gating system are shown 
in Fig. 1, 2. Originally, the system had eight equal 





*Published with permission of the Navy Department, Bu- 
reau of Ships. The opinions expressed in the paper are 
those of the authors and are not necessarily endorsed by 
the Navy Department. 
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Fig. 1—Initial gating and runner system of suction head cast- 
ing. 


gates distributed equally along the periphery of the 
casting. The runner and gates had a trapezoidal cross- 
section. The cross-sectional area of the runner on either 
side of the sprue, between the sprue and first gate, 
was twice the cross-sectional area of the bottom of 
the sprue. The total area of the gates was slightly 
larger than the cross-sectional area of the runner be- 
tween the sprue and first gate. To obtain a uniform 
distribution of flow through each gate, the cross-sec- 
tional area of the runner was reduced by the amount 
of cross-sectional area of the gate after each gate was 
passed. The runner and gates were designed to be 
completely filled with metal before feeding of the 
casting commenced. 

As the program proceeded, the dimensions of the 
sprue, runner, and gates were altered to study their 
effect on casting soundness. The dimensions of the 
gating system used in each heat are listed in Table 
1. The letters appearing in this table refer to the di- 


*®Armour Research Foundation, Illinois Institute of Tech- 
nology, Chicago 
®°°R. Lavin & Sons, Inc., Chicago 
*°°°Bureau of Ships, Navy Department, Washington, D. D. 
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mensions in Fig. 2. The sequence and reasons for mak- 
ing these changes are discussed under “RESULTS.” 

As noted in Fig. 2, the gates are numbered consecu- 
tively from 1R to 4R on the right side of the casting 
and 1L to 4L on the left side of the casting—the posi- 
tion of the sprue being the focal point. These numbers 
will also be referred to in the text to describe the 
relative position of the area on the casting. A general 
view of the mold and cores for casting the suction 
head is shown in Fig. 3. 


Melting 

Navy “G” ingots, containing a nominal composition 
of 88 per cent Cu, 8 per cent Sn, 4 per cent Zn; were 
melted in an oil-fired crucible furnace under a slightly 
oxidizing atmosphere. The zinc test was used to de- 
termine the atmosphere. Each heat of metal, melted 


Fig. 2—Gating system for suction 
head casting. 


for casting the suction heads, contained about 210 
lb. Two suction head castings were poured from each 
heat, designated as castings A and B. Casting A was 
always poured first unless otherwise noted. Approxi- 
mately four ounces of phosphor-copper shot was add- 
ed for deoxidation just prior to pouring. The composi- 
tion was balanced to comply with military specification 
( MIL-M-16576) by the addition, prior to pouring, of 
approximately 1-1/2 to 2-1/2 Ib of commercially pure 
zinc, depending on melt conditions and pouring temp- 
eratures. 

The pouring temperature was taken with a chromel- 
alumel immersion tip thermocouple placed in the 
crucible prior to pouring. The temperature was indi- 
cated on a recording potentiometer. It required only 
several seconds to begin the pouring operation after 
the temperature was recorded. 
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Molding and Core Sand Mixtures 


A sand mixture, consisting of about 50 per cent 
used and 50 per cent new No. 0 New Albany Sand, 
was used for making the molds at the beginning of the 
investigation. The moisture content and properties of 
the sand mixture are listed in Table 2. The moisture 
content of the sand was varied in an attempt to find 
its effect on porosity in the casting. The molds were 
rammed between a hardness range of 55-70. 

Two cores were required for the suction head cast- 
ing and can be seen in the foreground of Fig. 3. 
The composition of the cores was varied until a satis- 
factory mix was found. The final mix used was bank 
sand, 2 per cent cereal binder, 1/4 per cent iron 
oxide, 1-1/2 per cent core oil, and 3 per cent water. 
These percentages are based on the total weight of 
the mix. 

After several heats, it was found that the small and 
large cores* had to be vented. The small core was 
vented with a hole through the center of the core 
and a hole molded in the green sand of the cope. 
The large core was vented by a cavity at the bottom 
of the core, as shown in the foreground of Fig. 3. The 
cavity also reduced the weight and made it easier 
to handle. The cavity is extended into a well made 
in the green sand located in the drag. The well is 
located 180 degrees from the sprue between the op- 
posite ends of the runner and is aligned with a hole 
molded in the cope. In earlier heats, it was found that 
the sand between the well and each end of the runner 
washed away and caused all the venting passages 
for the large core to be filled with metal. To eliminate 
reoccurrence, a metal reinforcement was inserted at 
the end of the runner. 

The small and large cores were baked at 425 F for 
approximately 50-60 min. A baked core sand pouring 
basin was placed above the sprue opening in order 
to obtain a constant head of metal and to eliminate 
entry of dirt and slag into the mold cavity. The sprue 
was kept full of metal during the entire pouring 
operation. The pouring basin is shown in the back- 
ground of Fig. 3. 


Pressure Testing 


At the beginning of the project, the suction head 
castings were pressure-tested in the “as-cast” condition 
at 200 psi. The castings were subsequently machined 
and pressure-tested at 200 psi for a minimum of 15 
min. It was found that the “as-cast” suction head, be- 
cause of the tenacious, hard-cast skin, practically never 
leaked. Castings 9B and 10B, poured at 2035 F and 
1940 F, were the only exceptions due to the low pour- 
ing temperature. Therefore, after casting No. 19, pres- 
sure-testing in the “as-cast” condition was eliminated 
and pressure-testing was conducted after the casting 
was machined. 


DISCUSSION OF RESULTS 


The castings from early heats exhibited metal pene- 
tration into the cores and gas blows, cracks between 
the ribs, and crushes. These defects were eliminated 
by: (1) using a satisfactory core mixture with proper 





*The two cores for the suction head casting are referred to as 
small and large. 
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Fig. 3—Mold and cores for casting suction head. 


venting of the cores, (2) reducing the pouring rate 
so that the total filling time for the mold was between 
18-25 seconds, and (3) insuring good placement of 
the cores in the mold before assembling the cope on 
the drag. 

In order to pour more slowly and maintain a full 
sprue, the size of the sprue was reduced starting 
with Heat No. 10. This resulted in Gating System 2 
(see Table 1). A thorough study of the castings were 
made after Heat No. 9 since casting techniques and 
controls were believed to be satisfactory. 


Equal Flow Through All Eight Gates 


Radiographs of castings produced with the gating 
system having equal flow through all eight gates re- ° 
vealed mild to deep shrink cavities on the flange be- 
tween gates 2L and 2R on the sprue side. The flange 
between 2L and 2R on the side opposite the sprue 
was relatively free of gross shrinkage. Most of the 
castings, poured between 1950 and 2165 F, leaked on 
the flange corresponding to defects disclosed by the 
x-rays. 


Enlarging Gates 1L, 1R, 2L, and 2R 


Gates 1L, 1R, 2L, and 2R were enlarged (Gating 
Systems 3 and 4), but most of the castings still 
leaked on the flange between 2L and 2R on the 
sprue side. Radiographs confirmed defects in this area 
and also on castings that did not leak. The radiographs 
also indicated that absence of defined shrink lines and 
presence of mottling did not necessarily indicate that 
the casting would not leak. 
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TABLE 1 — DIMENSIONS** OF SPRUE, RUNNER, AND GATES USED IN CASTING SUCTION-HEAD**° 
Heat Gating Sprue Runner Gates 
No. System 
dy de Section Section Section Section 
Cap ee A-A B-B Cc-C D-D 1L=I1R 2L=2R 3L=3R 4L=4R 
1-9 1 1% are? b=% bm=% b=% bh=% bh=% bm=% b=%e b= %e 
area = —0.60in. b =—1% b =l%e b = 1 b=% b=M%e b =%e b =! b = %e 
1.77 in.? d=—15 d=l. d =1.12 d =0.75 d = % =%ed=% d = % 
area — area — area — area — area = area — area — area — 
1.8lin2 1.10in2 O91lin2 0.56 in.? 0.33 in.2 0.33in.2 0.33in.2 0.33 in? 
10-12 2 The = = = ”” ” ”* ” ” ” ”* ”” 
1.35in.2 0.44 in.? 
: 13 3 ” ” ” ” ” ” bi =1Ke bi = 14g ” ” 
b = 1% b = 1%e ” ” 
d=% d=% 
area = area = 
0.58 in.2 0.58 in.? 
bh=% b=% b=% bw=%* bW=%* bh=% ” ° 
14-16 4 ” ed b=1% b =1% b =!1 b =% b = 1% b = ™e 
d =15 d =112 d =0.75 d=0375 d =%_w d =%e 
area = area — area — area = area = area = 
1.50in2 1.05in.2 0.65in.2 O3lin2 0.47in 2 0.47 in.2 
17, bi = % 
18, 5 ” ” ” ” ” ” Elimi- b = l%e ” ” 
19 nated = 
area = 
0.61 in.? 
Iie b=% b=% b=% b=% bi=1% bi=%e bi=%e 
20, 6 asea= aea= b=1% b=1% b=1_ b=% b =1% b =™e b =e 
21 1.352 0.442 d =15 d =1.12 d =0.75 d =0.875 d=% d=!% d = % 
area — area = area — area — area = area — area = 
1.50in.2 1.05in.2 0.65in.2 0.31 in? 0.8 in.? 0.33 in.2 0.33 in.* 
Blind 
Riser 
22, gate 
23, 7 ” ” ” ” ” ” ” opened up ” ” 
31, approx. 
32 4% in. 
width 
area = 
2.8 in.? 
Blind 
Riser 
24-28 bi = % 
29° b = l%e 
30° 8 ” ” ” ” ” ” ” d — %e ” ” 
35 area = 
36-39 0.56 in.? 
40°-47° 
33, 9 ” ” ” ” bi = % bi = % bi = %e6 bi = % 
34 b=1% b=l1% wd b = %e ” b =1%e 
d =112 d =1.12 d = 1% d = %e 
area — area — area = area — 
1.05 in.2 1.05 in.? 0.33 in.? 0.56 in.? 


*Metal chill used in inold. 
*°A]] dimensions in in. 
*°*Refer to Fig. 2. 





Gates 1L and 1R Removed 


When gates 1L and 1R were removed (Gating Sys- 
tem 5), the defects on the flange at 1L and 1R were 
eliminated, as shown by x-rays, but shrinkage still 
remained in regions 2L and 2R with a tendency 
towards 3L and 3R, respectively. Gates 1L and 1R 
were not used thereafter. 


Blind Risers 

Blind risers were subsequently studied by placing 
them on gates 2L and 2R (Gating System 6) to deter- 
mine if feeding could be effected in the defective 
area. The two castings poured in Heat No. 20 leaked 
profusely all over the flange. One of the castings 
produced in Heat No. 21 did not leak; however, x-rays 
showed that the defects were still confined to areas 
2L and 2R, indicating that the blind riser did not 


feed to any noticeable distance. The inferior results 
obtained in Heat No. 20 as compared to Heat No. 
21 were further investigated and found to be most 
probably due to melt quality. Blind risers were again 
tried on two more heats except that the gates leading 
from the blind risers were opened to improve feeding. 
The results indicated an improved area in 2L and 2R, 
but defective areas in other parts of the flange. Also 
noted was that the amount of leakage decreased with 
increasing pouring temperature. The castings were 
poured from 2080-2145 F. 


High Pouring Temperatures 

Additional heats were conducted, with and without 
blind risers, to investigate the merits, if any, of high 
pouring temperature. The results of two heats using 
high pouring temperatures (2200-2270 F) with blind 
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TABLE 2 — PROPERTIES OF NO. 0 NEW-ALBANY SAND 
USED IN EACH HEAT 


Heat Moisture, Green Green Dry Shear 








No. % Compression Permeability psi Flowability 
2 7.9 7.7 22 
3 7.4 7.5 15 16.5 
4 yp ef 7.2 14 16 
5 6.5 7.6 17 14 
6 6.2 8.8 18 10.5 68 
7 6.6 8.1 14 12 71 
8 7.4 6.7 15 18 72 
9 6.8 7.4 16 16 70 
10 6.5 7.0 15 12.5 72 
11 6.5 6.8 17 15 69.5 
12 8.2 5.8 15 23.5 73 
13 8.0 5.8 15 22.5 73 
14 8.5 5.2 16 24.5 74 
15 6.1 6.8 16.7 15.5 72 
16 6.8 5.8 16.6 18 71.5 
1C 6.8 5.8 18.4 16.5 72.5 
17 6.3 6.3 17.8 18 74.5 
18 8.9 48 22.5 77.5 
19,2C 6.5 6.2 17.5 75 
20,21 68 5.9 16.2 16 73.5 
22,23 6.1 6.4 15.7 15 75 
24,25 65 5.6 16.2 17 75 
27,28 7.3 5.2 16.7 19.5 74 
29,30 7.1 5.5 17.8 21 75 
31,32 6.4 6.1 18.4 14 75 
33,34 69 5.7 17.3 20 77 
36 8.5 5.8 12.2 
37 7.7 6.7 14.3 
38,39 7.0 8.3 16.2 
40 6.5 
41,42 6.0 6.6 11.0 
44,45 6.5 bs “a 
46,47 6.4 





risers indicated that the risers did not eliminate shrink- 
age beyond gates 2L and 2R. Leakage and shrinkage 
was prone at 1L-1R, 3L-3R, and 4L-4R. 

Without blind risers, the results of high pouring 
temperatures were sporadic. The four castings from 
Heat No. 27 and 28, poured between 2260 and 2280 
F, did not leak while most of the castings from Heat 
No. 24, 25, 36, 37, 38 and 39, poured between 2200 
and 2270 F, leaked under pressure. The “as-cast” 
tensile bars from Heat No. 24, 25, 27 and 28 indicated 
excellent melt quality, Table 3. 

Although radiographs revealed a small amount of 
shrinkage between 2L and 3L and between 2R and 
3R for the castings produced in Heat No. 27 and 28, 


TABLE 3 — TENSILE PROPERTIES OF AS-CAST TEST 
BARS CAST IN NEW ALBANY SAND FOR 
VARIOUS HEATS 





No. of 
bars tested Tensile strength, (psi) Elongation, (%) 





Heat No. 
24 2 54,500 54 
25 2 54,500 55 
27 4 53,400 55.5 
28 2 53.100 55 
29 2 54,900 60.5 
30 2 52,500 63 
31 2 52.200 66 
32 2 48,000 42 
33 2 49.500 51 
34 2 50,000 60.5 
35 2 51,000 56.5 
40 2 51,000 42 
41 2 50,800 36.0 
42 2 50,300 51 
43 4 53.300 41 
44 2 52,300 44 
45 2 50,500 52 
46 4 56.400 59 
47 3 54,000 57.5 
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these castings were definitely superior to those cast 
in Heat No. 24, 25, and 36-39. By chance, the non- 
leakers may have contained the same amount of poro- 
sity as the other castings but did not contain continu- 
ous passage for leakage to occur. Nevertheless, the 
overall results indicated that removal of gates 1L and 
1R and high pouring temperatures seemed to displace 
the shrinkage that existed before between gates 1 and 
2 towards gates 2 and 8, on both sides of the casting. 


Gates Interchanged 


In Gating System 3, the gates on the pattern were 
interchanged so that the larger gates were placed 
farthest from the sprue and the smallest gates closest 
to the sprue. This was made in an attempt to increase 
flow of metal into the cavity from the gates located 
farthest from the sprue. The increased flow was in- 
tended to compensate for the hotter metal entering 
the cavity from the gates closest to the sprue. The 
results were very poor, leakage being present on all 
of the castings, including the regions 8L, 3R, 4L, and 
4R, which hardly ever leaked before this type of 
gating system was tried. 


Sand and Microstructure 


Generally, the New Albany No. 0 sand had an 
average moisture content between 6 and 7 per cent 
(Table 2). However, the sand contained a higher 
moisture content in some of the heats: 8.2, 8.0, 8.5, 
and 8.9 per cent in Heat No. 12, 18, 14, and 18, re- 
spectively. Castings from Heat No. 12, 18, and 18, 
when compared to castings produced with the same 
gating system, did not show any evidence that the 
high moisture content enlarged or increased the de- 
fects in the casting. However, the castings from Heat 
No. 14 appeared to contain a larger number of defects 
than other castings with the same gating system (Heat 
No. 15 and 16). 

In an attempt to study the macrofracture of the 
castings, parts of the flange were broken off from the 
castings and examined. One observation of the macro- 
fractures was the appearance of a shiny metallic phase 
that was either finely dispersed or in the form of large 
globules. This phase was identified as a tin-rich com- 
pound that was rejected from solution during the last 
stages of solidification. It is conceivable that the phase 
would be finely dispersed if cooled rapidly and in 
the form of globules when cooled slowly. Initial obser- 
vations seem to indicate that globules of this phase 
were present in regions of intense porosity and finely 
dispersed in regions that did not leak. 

A section of the flange was submerged in a 50 per 
cent HCI solution, and bubbles of hydrogen evolved 
from the tin-enriched phase. This further identified 
the phase, since tin is the only possible element in the 
alloy that will react in this manner with HCl. 

Coupons were cut out of the flange of Casting No. 
13B for metallographic examination. The coupons 
were taken from regions 1R (leaking area) and be- 
tween 4L-4R. Macroexamination of the polished cou- 
pons indicated severe dendritic shrinkage in coupon 
1R-1L and moderate shrinkage in coupon 4L and 4R. 
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Chills 

The use of chills was first investigated in Heat No. 
29 and 30. A gun metal chill coated with a graphite 
wash was placed in the large core corresponding to 
the flange between 2L and 2R on the sprue side. 
The location of the chill in reference to the casting 
is shown in Fig. 4A. The chill was placed in the core 
in the green state and baked with the core. The wash 
was applied to the chill after the core was baked 
and cooled to room temperature. As with all cores, it 
was placed in a heated oven prior to inserting it into 
the mold to drive off surface moisture. The chill 
tapered from a minimum thickness of 3/8-in. between 
Gates 1L and 1R, to a maximum thickness of 5/8-in. at 
2L or 2R. The base dimension measuring 1 in. was 
exposed to the cavity. 

The results from Heat No. 29 and 30 indicated the 
flange between 2L and 2R on the sprue side to be 
sound. However, shrink and leakage was prone at 
3L and 3R with some slight shrink at 2L or 2R corre- 
sponding to the end of the chill. Casting No. 29A, 
poured at 2260 F, seemed to be of better over-all 
quality when compared to the castings from Heat No. 
27 and 28 poured at 2260 to 2280 F without using 
chills. 

Chills were again used in Heat No. 40-47. However, 
the size of the chill and the thickness were modified 
from those used in Heat No. 29 and 30. As shown 
in Fig. 4B, the chill was made in a complete circle 
instead of a semi-circle used in Heat No. 29 and 30. 
The chill was tapered from minimum thickness of 
11/82-in. at regions 2L-3L and 2R-3R to a minimum 
of 19/82-in. at regions 1L-1R and 4L-4R. The width at 
the top and bottom was 1-3/16 in. and 1-3/8 in. In 
Heat No. 40-44 the base measuring 1-3/16 in. was ex- 
posed to the cavity. In Heat No. 45-47 the base meas- 
uring 1-3/8 in. was exposed to the cavity. 

In either case, the base exposed to the cavity was 
machined and coated with a graphite wash. The re- 
sults from previous zastings and thermocouples placed 
_in the mold cavity indicated the metal entering 2R 
and 2L to be the hottest as compared to the metal 
entering 4L and 4R or that collecting in regions 1L- 
1R. The chill was intended to make the metal in the 
flange solidify directionally from regions 1L-1R and 
4L-4R to regions 2L-3L and 2R-3R. 

In Heat No. 40-42, the chill was placed in the large 
core. The chill was placed in the core in the green 
state, baked, and subsequently coated with graphite. 
Practically all of the castings made from these heats 
had some washing occurring in the region adjacent 
to gates 2L and 2R. Since the hottest metal entered 
these gates, the defect may have been caused by 
the hot metal being exposed to a relatively cold chill, 
causing a minor explosion and rapid deterioration of 
the sand in the adjacent area. After the explosion, 
the sand may have dropped from the cope and washed 
into the cavity by the onrushing metal. 

Also noticeable was that the first casting poured in 
each heat suffered more intense washing than the sec- 
ond casting produced from the same heat. The first 
casting poured corresponded to the first mold complet- 
ed and was assembled about three-quarters of an hour 
before the second mold was completed and assembled. 
The pouring operation usually was done approximate- 
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Fig. 4—Location of chill in (A), Heat No. 29-30; and (B), Heat 
No. 40-47. 


ly 15-45 min after the second mold was assembled. It 
is conceivable that moisture in the molding sand could 
condense on the relatively cold metal chill prior to 
pouring. Since the length of time the chill is exposed 
to the mold would be proportional to moisture pickup 
by the chill, the first mold would be expected to con- 
tain more sand washing. 

In Heat No. 48, the chill was placed in the cope 
with the base measuring 1-3/16 in. exposed to the 
cavity. The metal therefore had to reach the level of 
the top of the flange before it was exposed to the chill. 
Molding the chill in the cope was difficult. 

Castings 41B, 42B and 43B, poured at 2105, 2125 
and 2100 F, were machined and did not leak. Un- 
fortunately, the other castings in this lot had to 
be discarded due to intense sand washing. The 
x-rays of castings 41B and 42B indicated the flange 
to be sound and free of any shrinkage. The x-ray 
of casting 43B indicated a small amount of shrink- 
age at 2L and QR. It is possible that when the chill 
is molded in the cope, at a critical time, the metal 
shrinks away from the chill as it solidifies and results 
in poor heat transfer from the casting to the chill. 
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The above results indicated that the use of chills 
produced a sound flange and non-leakers. The subse- 
quent castings were made to verify the results and 
obtain the pouring range required to obtain sound 
castings. 

The chill was slightly modified for casting No. 45- 
47 in that the base dimension of 1-3/8 in. was ex- 
posed to the cavity. It was therefore possible to draw 
the chill out of the core after it was baked. Prior to 
assembling the mold, the core was heated to drive 
off surface moisture, cooled to a temperature for han- 
dling, and placed in the mold. The chill was main- 
tained above 212 F and placed in the core just prior 
to assembling the cope on the drag. In addition, the 
molds were closed just prior to pouring to prevent 
the chill from picking up moisture from the molding 
sand. This practice eliminated sand washing that oc- 
curred in casting No. 40-48. Castings from Heat No. 
44-47, poured between 2090 and 2180 F, were ma- 
chined and did not leak. X-rays disclosed a sound 
flange. 

Coupons were cut out of casting 47B and compared 
to corresponding coupons cut from casting 4A. Except 
for the coupon cut out of region 4L, the former 
casting had a much denser structure and was free of 
gross microporosity. Porosity existed in region 4L of 
casting 47B, but sufficient material surrounded the 
defect to make it harmless as far as leakage was 
concerned. 


CONCLUSION 


After the ring-type gating system on the suction heat 
casting was used, a number of observations were 
made: 

1) Employing a runner system in the drag that was 
progressively throttled down in cross-sectional area 
to obtain a uniform flow distribution through each 
gate, castings were produced that did not leak in 
any part of the machined casting except the outer 
flange. Good directional solidification occurred on 
the flange fed from the gates located farthest from 
the sprue. Regions extending from 2L and 2R on the 
sprue side exhibited prolific shrink areas. As expect- 
ed, thermocouples placed in the mold indicated the 
metal to be coldest in the region of 4L and 4R and 
to increase in temperature as it approached regions 
8L-3R, 2L-2R, and 1L-1R. Although uniform flow 
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through each gate is theoretically sound and can 
be applied to simple shapes, difficulty can arise 
when equal amounts of metal at different tempera- 
tures enter the mold and cause poor directional 
solidification. 

2) Enlarging gates 1L-1R and 2L-2R in an attempt 
to increase the flow of hotter metal into this region 
did not greatly improve this region of the casting. 

3) Eliminating gates 1L and 1R improved the metal 
structure in this region of the flange; however, por- 
osity was still prevalent and intense on the flange 
adjacent to gates 2L and 2R. 

4) Feeding metal into regions 2L and 2R by means 
of a blind riser did not improve the flange in this 
area. The system also seemed to have caused a 
poor structure on the flange in the area of 1R and 
1L, even though gates 1L and 1R were eliminated 
in this gating system. Widening the gate from the 
blind riser (2L and 2R) improved the structure on 
the flange adjacent to the riser, but did not extend 
much beyond this region. 

5) The results of high pouring temperature were 
sporadic. In some cases high pouring temperature 
produced non-leakers and in other cases, leakers 
were prevalent. 

6) No definite correlation between x-ray analysis and 
leakage could be found. Large shrink cracks shown 
by the x-ray film usually indicated a leaky casting, 
but a mottled or hazed appearance on the film gave 
no indication whether the casting would leak or not. 

7) Use of a full, round gun metal chill coated with a 
graphite wash and placed in the core corresponding 
to the flange resulted in a sound flange and pressure- 
tight casting. Ten pressure-tight castings from seven 
separate heats were obtained by use of chills. Not 
a single machined casting that used a chill was 
found to leak. X-rays of the flange of the castings 
using a chill in the core were found free of porosity. 
It is believed that the suction head casting can be 

produced economically and with a very low percent- 

age of leakers by the method of chills coupled with a 


ring-type gating system as used in Heat No. 40-42 and 
44-47. 
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FOUNDRY PRACTICE FOR SAND CASTING 
COMMERCIALLY PURE ALUMINUM 


Robert V. Scalco* and Moss V. Davis* * 


ABSTRACT 


This paper describes the foundry nypetion for sand 
casting commercially pure aluminum. A comparison is 
made of the foundry practice employed in sand casting 
the usual aluminum foundry alloys and the modifications 
necessary to produce castings of commercially pure 
aluminum. The difficulties arising from ease of gas ad- 
sorption, high solidification shrinkage, and low mechan- 
ical properties are discussed. Mechanical and electrical 
properties of commercially pure aluminum castings are 
presented. 


The low mechanical properties of commercially pure 
aluminum sand castings usually eliminate this metal 
from the engineer's and designer’s consideration. If 
the electrical property is the major requirement of a 
casting, commercially pure aluminum castings are used 
because of their high electrical conductivity, 55 per 
cent I.A.C.S. (International Annealed Copper Stand- 
ard ) or greater. 

Since there is little information available on the 
foundry practice of sand casting pure aluminum this 
paper was written to present one foundry’s methods 
for producing pure aluminum castings. 


APPLICATION OF ALUMINUM CASTINGS 


Pure aluminum castings are used in electric power 
connectors, rotors for aircraft and missile applications 
and other applications requiring aluminum of the 
highest conductivity. 

Anderson Electric Corp. sand casts a variety of 
electrical connectors from commercially pure alumi- 
num. Figure 1 illustrates some of these castings which 
vary in weight from 0.02—2.8 lb. 


FACTORS INFLUENCING FOUNDRY PRACTICE 
The foundry practice employed in casting commer- 
cially pure aluminum in green-sand molds is deter- 
mined by the inherent characteristics of this metal. 
The following factors must be considered when sand 
casting pure aluminum: 





*Foundry Metallurgist and **Chief Metallurgist, Anderson 
Electric Corp., Birmingham, Ala. 





Fig. 1 — Typical pure aluminum castings for electric power 
connections. 


1) The solidification range of 25 F (14 C) and solidi- 
fication shrinkage of 6.6 per cent makes feeding 
extremely difficult. 

The tendency of this metal to be “hot short” re- 

quires close attention to casting design and core 

practice, where cores are used. 

3) The ease of hydrogen adsorption on the surface of 
molten metal requires close attention to the melting 
practice employed. 

4) Low mechanical strength necessitates extremely 
careful shakeout procedures and subsequent han- 
dling of the castings to avoid deformation of the 
castings. 

5) The soft aluminum castings cause galling or seiz- 
ing, as well as loading of saws and abrasives used 
in cutting gates and risers. 

The above factors dictate a modification in the 
foundry practice used with aluminum alloy castings. 
These deviations from the usual foundry practice will 
now be discussed in detail. 
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MELTING AND POURING PRACTICE 


Metal Charge 

The metal charge is composed of virgin commer- 
cially pure aluminum pig or ingot and foundry returns 
from pure aluminum castings. The charge usually con- 
sists of 50 per cent pig or ingot and 50 per cent 
foundry returns. Since Aug. 1, 1957 commercially pure 
aluminum ingot and pig from primary producers has 
a minimum aluminum content of 99.50 per cent. The 
analysis for ingot used in connection with this paper 
is shown in Table 1. 


TABLE 1 — CHEMICAL COMPOSITION OF TYPICAL 
COMMERCIALLY PURE ALUMINUM INGOT 








Element, % 
Al Cu Fe Si Cr Ti Vv Ga 
99.70 _ 0.16 0.09 0.02 _ 0.01 0.02 





Melting Practice 

The metal is melted in gas-fired crucible furnaces 
having a capacity of 400 lb. The usual charge is 300 
Ib of metal. Since hydrogen is more readily absorbed 
by molten commercially pure aluminum than in the 
aluminum casting alloys all the usual precautions must 
be taken to avoid and prevent gas adsorption during 
melting. After melting, metal in the furnace ranges 
from 1350-1450 F (732-788 C). 

Excessive temperatures must be avoided to prevent 
the aggravation of the gas adsorption problem. 


Fluxing of Melt 


A proprietary flux is used in melting pure aluminum. 
An amount of 8 oz per 100 lb of metal melted is con- 
sidered sufficient. Half of this amount is added to the 
“heel” of metal during the first stages of charging 
and the remainder is added after nitrogen fluxing the 
molten metal. 

Removal of the absorbed gases is accomplished by 
a period of fluxing with dry nitrogen gas. The fluxing 
with nitrogen continues until a sample of the metal 
is found to be gas free when solidified under vacuum. 


Pouring Practice 


After the melt is found to be gas free it should 
settle for a minimum of 5 min and a maximum 
of 15 min. The furnace should then be emptied 
as rapidly as possible into preheated, dry ladles to 
obtain the best results. Refractory ladles should be 
used to prevent any iron pick-up. 

The ladle temperature of pure aluminum melt 
should not exceed 1400 F (760 C). The usual pour- 
ing temperature is between 1350-1400 F (732 
—760 C). A pouring temperature in excess of 1400 
F (760 C) usually results in coarse grained castings 
and “hot cracks” may occur in some castings. 

In pouring, the lip of the ladle should be held as 
close as possible to the pouring sprue and efforts to 
avoid splashing, impingement, and aspiration of air 
must be taken. It is good practice to “touch up” rapid- 
ly shrinking risers with hot metal as solidification 
takes place. The risers of castings exceeding 1/2-lb 
usually require “touching up” with hot metal. 

Pouring practice with pure aluminum must be given 
strict supervision to insure that sound castings will 
be obtained. The authors feel that poor pouring prac- 
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THICKNESS OF CASTING SECTION — INCHES 
Fig. 2 — Relation of riser diameter to casting section. 


tice negates all the other techniques used to produce 
sound castings, especially in pure aluminum castings, 
and that high scrap percentages can generally be 
traced to poor pouring practices. 


GATING AND RISERING OF PURE ALUMINUM 
CASTINGS 


The design of gating and risering systems for sand 
castings of commercially pure aluminum are designed 
with these objectives in mind: 

1) To provide for feeding castings with a high solidi- 
fication shrinkage metal. 

2) To introduce metal to the mold cavity with a mini- 
mum of turbulence. 

3) To provide a controlled pouring rate gating system 
to avoid misruns on the one hand and burn-in or 
washed sand on the other. 

4) To introduce metal into the mold cavity at loca- 
tions conducive to producing temperature gradi- 
ents that provide for directional solidification. 

Risering 

When considering riser dimensions, one must re- 
member that 0.066 lb of feed metal are required for 
each pound of casting. Side risers of commercially 
pure aluminum will supply about 0.06—0.15 lb of 
feed metal for each pound of riser. 

Riser diameters vary with casting section and each 
individual casting configuration affects the riser to 
casting relationship. The plot shown in Fig. 2 gives 
the approximate relationship, found by practical ex- 
perience, of riser diameter to casting section neces- 
sary to feed castings considered of average difficulty 
to feed. Extreme shrinkage conditions would require 
wide variation from this plot. 

Riser heights are 1.5 to 2.25 times the riser diam- 
eter. During solidification riser piping is very deep 
and confined closely to the center line of the riser. 

The riser connections to the castings should be as 
large as the method of gate removal will allow. Riser 
connections of 90 per cent of casting section are usual. 
The connection should be kept as short as possible. 
Situations where the riser to casting connection will 
freeze first during solidification should be avoided. 


Gating 
Gating systems resemble those used in common 
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aluminum alloy sand castings with the exception that 
the downsprue and runner cross-sectional areas are 
larger per lb of casting. This is necessary to fill the 
large riser requirements while maintaining good pour- 
ing speed. 

Gating through the risers is essential to the pro- 
duction of sound castings. 


Patternmaker’s Shrinkage Allowance 


The patternmakers shrinkage allowance of 3/16- 
in. per ft is used in making patterns for castings of 
commercially pure aluminum. 


SAND PRACTICE 


Molding sands applicable to the production of alu- 
minum alloy sand castings are suitable for use in cast- 
ing commercially pure aluminum. Anderson Electric 
uses a synthetic sand prepared from rounded grain 
washed New Jersey silica sand of AFS gfn 160 and 
southern bentonite. This sand mixture produces fine 
finished castings. In large castings where expansion 
problems are encountered the use of wood flour or 
cereal is used to control this factor. 

Molding sand of the following specifications gen- 
erally gives good results when pouring commercially 
pure aluminum: 


AFS grain size 130-160 

AFS clay content, % 10.0 

Permeability, AFS 28-32 

Green compressive strength, psi 12.0-15.0 

Moisture, % 3.8-4.3 
Shakeout 


Castings of commercially pure aluminum are easily 
deformed in the shakeout. To prevent this deformation 
time must be allowed for castings to cool well below 
the solidification range before shaking out of the molds. 
The castings must be handled with care from this 
point on through the finishing operations. Due to 
the softness of the castings they are easily scratched 

and marred with rough handling. 


SAWING AND GRINDING 


The extreme softness of the pure aluminum cast- 
ings presents a problem in the removal of the gates 
and risers. When sawing is used the band-saw blades 
shouid be very rugged, preferably 1/2-in. wide and 
0.025 in. thick with about 4 teeth per in. Cutting is 
fast with a hook-tooth blade provided the blade is 
sharp. Loading quickly occurs when the blade is dull 
and poor cutting results. Cutting speeds of 3000— 
4000 ft per min are used. Abrasive belts of 36 grit 
are used for fast cutting with a choice of finer grits 
for finishing. 


ANNEALING OF PURE ALUMINUM CASTINGS 
In applications where the castings are to be subse- 
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quently subjected to cold-working, it is usually neces- 
sary to anneal the castings. Anderson Electric’s an- 
nealing practice is to hold castings at 750 F (399 C) 
for 1—2 hr, furnace cool to 500 F (260 C) at 
a rate not exceeding 50 F (28 C) per hr, and air 
cool below 500 F (260 C). Excellent results have 
been obtained from this treatment. 


MECHANICAL AND ELECTRICAL PROPERTIES 
The mechanical and electrical properties expected 
of commercially pure aluminum are given in Tables 
2 and 3 which follow. The mechanical properties are 
typical mechanical properties obtained from separately 
cast test bar results. The electrical properties were 
obtained from cast conductivity bars, 1/2-in. diameter 

rounds, and from machining sections from ingots. 


Mechanical Properties 


The following table gives the typical mechanical 
properties that may be expected of separately cast 
pure aluminum test bars. 


TABLE 2 — TYPICAL MECHANICAL PROPERTIES OF 
COMMERCIALLY PURE ALUMINUM SAND CASTINGS 
FROM SEPARATELY CAST TEST BARS 


Tensile a psi 11,500 
Yield strength (0.2% offset), psi 3,500 
Elongation, % in 2 in. 34 








Electrical Properties 


The weight conductivity of separately cast bars, 
1/2-in. in diameter, was determined by use of a Kel- 
vin Bridge. The weight conductivity was converted 
to volume conductivity using standard conversion fac- 
tors. The volume conductivity of ingot is determined 
by the use of the Kelvin Bridge on a 1/2-in. rod 
machined from an ingot section. The results shown 
in Table 3 are the values to be expected from typical 
ingot and sand castings. 


TABLE 3 — ELECTRICAL CONDUCTIVITY OF PURE 
ALUMINUM SAND CASTINGS AND INGOT 


Volume conductivity, 








%, 1.A.C.S. 
Sand cast bar (50% ingot — 
50% foundry returns) 57.8 
Ingot section (Al content 99.70%) 59.8 





SUMMARY 

A review of one foundry’s practice in sand casting 
commercially pure aluminum has been presented. 

The authors feel that with reasonable adherence to 
good casting practice pure aluminum castings, free 
from defects, can be produced as easily as with 
common aluminum casting alloys. The scrap percent- 
age at Anderson Electric is less with pure aluminum 
castings than with A.S.T.M. alloy SG70A (Commercial 
Designation 356). 
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RIGGING DESIGN OF HIGH STRENGTH 
- MAGNESIUM ALLOY CASTINGS 


By 


Merton C. Flemings*, Richard W. Strachan**, Ernest J. Poirier** and 
Howard F. Taylor*** 


ABSTRACT 


This paper describes the translation of laboratory re- 
sults in simple test plate castings to the production of 
two high quality, production type magnesium alloy sand 
castings. One casting was composed of relatively heavy 
sections (1/2 to 2 in. thick) and the other of thin sec- 
tions (1/10 to 1/2-in. thick). Both were cast of AZ91C 
alloy and AZ92A alloy. 

The effect of judicious chilling on mechanical proper- 
ties of the castings was examined. Chilling was found to 
substantially improve the properties of the heavy section 
casting in both AZ9I1C alloy and AZ92A alloy. For ex- 
ample, properties of the unchilled heavy section casting 
of AZ9I1C alloy averaged 24,200 psi ultimate tensile 
strength, 16,500 psi yield strength, and 1 per cent elon- 
gation. Chilling raised these average properties to 43,500 
psi ultimate strength, 23,800 psi yield strength, and 3 
per cent elongation. Similar improvement was obtained 
for AZ92A alloy. 

Chilling was found to have little effect on the mech- 
anical properties of the thin section casting. In this case 
the chill effect of the sand was adequate to produce 
mechanical properties nearly equivalent to those obtain- 
able by heavy chilling. 


INTRODUCTION 


For several years the M.I.T. Foundry Laboratory 
has been engaged in a research program to determine 
optimum techniques for producing high quality cast- 
ings for aeronautical and missile applications. Previous 
work has centered largely on techniques for casting 
aluminum alloys. For some aircraft uses, however, 
magnesium casting alloys have certain potential ad- 
vantages; these include high strength-to-weight ratio 
and high stiffness-to-weight ratios. For these and other 
reasons, the desirability of adapting techniques for the 
production of uniformly high strength magnesium cast- 
ings has become evident. 

The work described herein is based on a previous 
laboratory study' of the effects of section size and 
chilling on the mechanical properties of sand cast 
test plates. In that study, careful control of melting 
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and other foundry variables was maintained and al- 
loys AZ91C and AZ92A were investigated. Mechanical 
properties of unchilled plates varying in section thick- 
ness from 1/4-in. to 1-1/2-in. were determined. The 
effect of end chilling these plates was also examined. 
It was found that chills markedly improved the prop- 
erties of the heavier section castings (over about 
1/2-in. thickness) but improved the properties of 
the thinner plates only slightly. 

For example, chilling increased the tensile strength 
of the 1-1/2-in. AZ91C plate (near the chill) by 60 
per cent. Even at a distance of 5 in. from the chill a 
tensile strength improvement of 45 per cent was ob- 
tained from the chill effect. In the thinner plates (less 
than about 1/2-in.) the chill effect of the sand was 
found to be sufficient to produce properties in the 
plates approaching those that could be obtained by 
chilling. 

The present paper deals with the translation of the 
above laboratory results to the production of two pro- 
totype production castings. One of these castings was 
of thin section (less than 1/2-in.) throughout; chill- 
ing this casting was expected to result in little or no 
property improvement. The second casting was of 
heavier section, the section size varying from 1/2-in. 
to 2 in. Chilling this casting was expected to result 
in a substantial mechanical property increase. 


PROCEDURE 


The two gimbal castings shown in Fig. 3 and 5 
were chosen for the present rigging study because 
of their size, reasonable complexity and variation in 
section thickness. The large gimbal (Fig. 3) is approx- 
imately 13 in. x 12 in. x 5-1/2 in. deep. Wall thick- 
ness varies from 1/2-in. to 2 in.; net weight is 
15 Ib. The small gimbal (Fig. 5) is approximately 
3-1/4 in. x 2-1/2 in. diameter. Its section thickness 
varies from 1/10-in. to 1/2-in., and it weighs 3 ounc- 
es. Foundry procedures are described below: 


1. Chemical Control and Melting Practice 
Eight castings were poured from a total of six heats. 
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Alloys poured were AZ91C and AZ92A. Final chemical 
analyses of all heats are listed in Table 1. 

Melting stock was composed of high purity virgin 
material and high purity remelt stock. AZ92A alloy 
(aim analysis—9% Al, 2% Zn, 0.15% Mn) and AZ91C 
(aim analysis—8.7% Al, 0.7% Zn, 0.15% Mn) were 
formulated. Virgin material used was magnesium pig 
(99.9% ), aluminum pig (99.9%), zinc (99.9%), and 
aluminum-manganese hardener (75% Al, 25% Mn). 


TABLE 1 — CHEMICAL ANALYSES OF EXPERIMENTAL 
HEATS 





Chemical Analysis (%) 








Heat Casting Al Zn Mn Si Cu 
a AZ9IC Alloy Chilled 
large casting 9.28 0.73 0.15 0.04 0.015 


b AZ91C Alloy Un- 

chilled large casting 9.00 0.71 0.14 0.032 N.D.° 
c AZ91C Alloy Chilled 

and Unchilled small 


castings oss 6% al? T* T 
d AZ92A Alloy Chilled 
large casting 9.28 2.09 019 —- — 


e AZ92A Alloy Un- 
chilled large casting 9.14 2.11 0.17 -—-— —— 
f AZ92A Alloy Chilled 


and Unchilled small 
castings 8.90 2.08 0.14 0.02 a 


° N.D. — Not Detected 
°° T — Trace 





Remelt stock consisted of returns from previous heats 
which had been remelted, pigged, and analyzed. 

Melting was conducted in an open top gas fired fur- 
nace, using iron crucibles. In the melting practice 
of both alloys, the high purity remelt stock was 
charged first, and all elements except zinc were add- 
ed shortly after meltdown. The zinc was added at 
1250-1300 F. During melting, a commercial flux cov- 
ering was maintained on the melt surface to prevent 
burning. Degassing was accomplished by bubbling 
chlorine through the melt for 10 minutes at 1330- 
1380 F. Grain refinement was obtained by super- 
heating to 1650 F and holding for 15 minutes. Before 
pouring, the flux was skimmed from the melt and 
replaced with a light layer of sulfur-boric acid mix- 
ture. Molds were flushed with SO2 gas immediately 
before pouring. 


2. Molding 


(a) Large Gimbal Casting 

One large gimbal of AZ91C alloy and one of AZ92A 
were rigged according to techniques designed to pro- 
duce optimum mechanical properties (but techniques 
which would be commercially practical). Essentially, 
the techniques involved placing chills and risers on 
the casting in such locations that mechanical proper- 
ties in all portions of the casting would be raised 
substantially above the properties to be expected in 
a comparable normal sand casting. 

The section sizes of the large gimbal vary from 
approximately 12 in. to 2 in. Previous work! has in- 
dicated that if chills and risers are spaced less than 
about 3 in. to 5 in. apart on such sections (for either 
AZ9IC or AZ92A alloy), property improvement will 
result. From the standpoint of mechanical properties 
a minimum chill—riser distance is desirable, but from 
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Fig. la—Mold (cope and drag) of high strength large magne- 
sium gimbal. 





Fig. 1b—Casting at shakeout of high strength large magnesium 
gimbal. 


consideration of molding and cleaning difficulties a 
chill-riser distance of 2 in. is about as small as 
is feasible. Accordingly the large gimbal was rigged 
as shown in Fig. la and 1b, so that no portion 


TABLE 2 — SUMMARY OF FOUNDRY DATA FOR HIGH 
STRENGTH LARGE GIMBAL CASTINGS 





Alloy: AZ91C Heat a: AZ92A Heat d 

Sand: No. 80 AFS New Jersey Silica Sand, 
444% Southern Bentonite, 144% Boric 
Acid, 142% Sulfur, 142% Diethylene 
Glycol, 3% Water 


Risers: No.: 6 
Diameter: 4 on sides 2 in., 2 on heavy 
ends 2% in. 
Height: 8 in. 
Chills: No.: 20 (10 in cope, 10 in drag) 
Total Wt.: 22 Ib 
Pouring Temp.: 1400 F 
Type of Screens: \4¢-in. holes, 50% perforation 


Sprue Dimensions: 1 in. x 1 in. at base 


Runner: 1 in. x 1 in. in cope, 1 in. x %-in. in drag 
Gates: No.: 4 (2 each side) 
Dimensions: 2 in. x 4%-in. 
Gating ratio: 1:4:3 
Degas: Chlorine, 10 min. 
Gross Wt.: 40 Ib 
Net Wt.: 15 lb 
Yield: 3712% 
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of the casting would be greater than 2 in. from 
a chill. The chills essentially “cut” the casting into a 
series of plates, chilled on one end and risered on 
the other. 

Twenty chills having a total weight of 22 lb and 
coated with a talc-rosin wash were used. A gating 
ratio of 1:4:3 was used, with screens incorporated 
in the entire length of the runner to reduce dross 
entrapment in the casting. To insure a sound casting, 
risers were made overly large and a resulting low 
yield (37-1/2 per cent) was obtained. It should be 
possible, however, to improve this yield in subsequent 
castings on the basis of the results from these pre- 
liminary tests. Table 2 lists a more complete summary 
of foundry data relating to the two high strength large 
gimbal castings. 

For comparison purposes the large gimbal was 
also made using mcre normal foundry rigging. One 
casting was made of AZ9IC and one of AZ92A alloy 
with no chills incorporated in the mold. Figure 2 
illustrates the molding practice and rigging used for 
both alloys. Other than rigging, the same foundry 
practices were used on these castings as on the cast- 
ings rigged for high strength. 








Fig. 2a—Mold (cope and drag) of commercially rigged large 
magnesium gimbal. 





Fig. 2b—Casting at shakeout of commercially rigged large 
magnesium gimbal. 
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Fig. 3a—Test bar locations of large magnesium gimbal. 











Fig. 3b—Test bar locations of large magnesium gimbal. 


(b) Small Gimbal Castings 

Section thicknesses of the small gimbal casting, 
shown in Fig. 5, vary from about 1/10-in. to- 1/2-in. 
with most sections being less than 1/4-in. thick. 
Previous research! on simple flat plates has indicated 


TABLE 3 — SUMMARY OF FOUNDRY DATA FOR HIGH 
STRENGTH SMALL GIMBALL CASTINGS 





Alloy: AZ9IC Heat c: AZ92A Heat f 

Sand: No. 80 AFS New Jersey Silica Sand, 
414% Southern Bentonite, 142% Boric 
Acid, 1%% Sulfur, 14% Diethylene 
Glycol, 3% Water 


Risers: No.: 3 
Diameter: 2 on ends 14% in., 1 in center 
1 in. 

Chills: No.: 4 (2 in cope, 2 in drag) 
Total Wt.: 4 oz 

Pouring Temp.: 1550 F 


Type of Screens: \g-in. holes, 50% perforation 
Sprue Dimensions: ¥-in. x ¥-in. at base 
Runner (in drag): 1 in. x % in. to first gate, % in. x % in. to 


other gates 
Gates: No.: 3 
Dimensions: %-in. x ¥-in. 
Gating Ratio: 1:3:3 
Degas: Chlorine, 10 min. 
Gross Wt.: 3 lb 
Net Wt.: 4 oz 
Yield: 814% 
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Fig. 4a—Mold (cope and drag) of small chilled magnesium 
gimbal. 





Fig. 4b—Casting at shakeout of small chilled magnesium gim- 
bal. 


that chilling a magnesium casting of such thin section 
would have no beneficial effect, but to ascertain this 
for intricate castings, two chilled small gimbals were 
poured. Figures 4a and 4b illustrate the rigging used. 
Chilling was accomplished by “doughnut” chills at the 
two casting extremities. The same rigging was used 
for AZ91C and AZ92A alloys. Table 8 lists a complete 


TABLE 4 — TYPE AND LOCATION OF TEST BARS IN 








LARGE GIMBAL CASTINGS 
Dis- Dis- 
tance tance 
Bar Section from from 
No. Size Location Chill Riser Bar 
(in.) (in.) (in.) Type 
1 5g Beneath Chill (cope) % 3% 0.505 Dia 
2 1 Beneath Chill (cope) % 3% 0.505 Dia 
ee | Beneath Chill (drag) % 3% 0.505 Dia 
4 56 Beneath Chill (drag) % 3% 0.505 Dia 
5 3%4 Beneath Center Ring Chill % 2 0.505 Dia 
Be Between Riser and Chill % 2% £0.505 Dia 
7 1% Between Riser and Chill % 2 0.505 Dia 
s..3 Between Riser and Chill 1 1% 0.505 Dia 
9 1% _ Between Riser and Chill % 1 0.505 Dia 
10 1% _ Beneath Chill % 2% # 0.505 Dia 
1l 1% Beneath Chill % 2% # 40.505 Dia 
12 1% Between Riser and Chill % 1 0.505 Dia 
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summary of foundry data for the chilled small gimbal 
castings. 

For comparison, the two small gimbals were also 
poured with the same rigging as above but without 
the chills. 


3. Cleaning and Heat Treatment 


Cleaning of all castings was carried out without 
difficulty using standard equipment (but with special 
dust filtering in the sanding operations). A band saw, 
belt sander, and rotary hand sander were used; a 
final sand blast was given the castings before the 
photographs of Fig. 3 and 5 were taken. 

The following heat treatment schedules were used 
for all castings: 

(a) AZ92A Alloys 

Solution Heat Treatment 
2 hours at 665 F 
6 hours at 765 F 
2 hours at 665 F 

10 hours at 765 F 

Aging Treatment 
4 hours at 500 F 

(b) AZ91C Alloy 

Solution Heat Treatment 
2 hours at 665 F 
6 hours at 775 F 
2 hours at 665 F 

10 hours at 775 F 

Aging Treatment 

16 hours at 335 F 

After solution treatment all castings were air cooled 
and held for 24 hours before aging. During solution 
treatment an SOz atmosphere was maintained in the 
furnace. 


4. Physical and Mechanical Testing 


All castings were x-rayed to MIL-1-6865A specifica- 
tion. Casting soundness equaled or exceeded ASTM 
Reference Radiograph 1.1 No. 1; indicating all castings 
were entirely free of visible x-ray porosity. 

After heat treatment, the test bar coupons sketched 
in Fig. 3 (large gimbals) and Fig. 5 (small gimbals) 
were cut from the castings and machined into tensile 





Fig. 5—Finished casting—small gimbal. 
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TABLE 5 — TYPE AND LOCATION OF TEST BARS IN 








SMALL GIMBAL CASTINGS 
Dis- Dis- 
tance tance 
from from Bar 
Bar Section Chill Riser Type 
No. Size Location (in.) —(in.) (in.) 
1 0.20 Center of Circular End 
(thin End) i rd Myx 


2 0.23 Center of Circular End 

(thin End) % Vy wx 
3 0.10 Center of Section (cope) 1% Vy Y%x Vo 
4 0.10 Center of Section (drag) 1% Y, ¥%x Vo 





specimens. Table 4 (for large gimbals) and Table 5 
(for small gimbals) lists the size bar machined, the 
section thickness from which the test bars were taken, 
and the location of the bar with respect to chills 
and risers. The test bar locations were chosen as being 
representative of the casting as a whole; most other 
possible locations being similarly risered and chilled. 


RESULTS AND DISCUSSION 


Mechanical property data from all castings tested 
are listed in Tables 6 through 9. Table 6 presents the 
results of the chilled and unchilled large magnesium 
gimbal cast of AZ91C alloy. The table shows that 


TABLE 6: MECHANICAL PROPERTIES OF LARGE MAGNESIUM 
GIMBALS, AZ91C ALLOY (HEAT A AND B) 





Bar High Strength (Chilled) Gimbal Commercially Rigged 
No. (Unchilled ) Gimbal 





























% Elon- % Elon- 
U.T.S. Yield St. gation U.T.S. Yield St. gation 
(psi) (psi) (in 2 in.) (psi) (psi) (in 2 in.) 
1 46,400 24,750 3 Sind Sateen ] 
2 43,300 24,500 3 23,000 6,500 ] 
3 47,740 24,000 5 25,900 7,000 
4 47,250 25,250 4 36,350 9,500 2% 
5 3,700 24,000 2 20,950 4,750 
6 34,900 21,500 1 20,400 3,750 
7 44,100 25,000 3 24,550 6,500 
8 0,650 22,000 2 24,950 6,500 
9 37,750 2,000 2 22,200 6,750 
10 6,100 25,000 4 23,100 6,250 
ll 44,650 24,200 314 22,250 6,750 
12 46,000 3,500 5 22,350 6,750 
Average 43,500 23,800 3 24,200 16,500 1 








the chilling used raised the average properties of 
large gimbal from 24,200; 16,500; 1 to 43,500; 23,800; 
3.° Minimum ultimate tensile strength was raised from 
20,400 psi to 34,900 psi by chilling, and minimum yield 
strength was raised from 13,800 psi to 21,500 psi. 
For the most part the properties obtained by chilling 
the AZ9IC casting were equal to or greater than the 
properties that might have been expected from the 
test plate data previously described." 

As compared to the unchilled casting, the chilled 
AZ9I1C large gimbal casting shows an increase of 80 
per cent in average ultimate tensile strength, 45 per 
cent in average yield strength, and 300 per cent in 
average elongation. Compared with present required 
minimums of 25,500; 14,500; 3/4 for AZ91C casting? 
the improvement is 70 per cent in ultimate tensile 
strength, 34 per cent ir y_eld strength and 400 per 
cent in elongation. 





* The shorthand 24,200; 16,500; 1 is used to denote 24,200 
psi ultimate tensile strength, 16,500 psi yield strength, 
1 per cent elongation. 
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Fig. 6b—Test bar loca- 


Fig. 6a—Test bar loca- 
tions of small gimbal. 


tions of small gimbal. 


TABLE 7 — MECHANICAL PROPERTIES OF LARGE MAGNESIUM 
GIMBALS, AZ92A ALLOY (HEAT C AND D) 





imbal 
Bar High Strength (Chilled) Gi Commercial Rigen? 























No. 
% Elon- % Elon- 
U.T.S.  YieldSt. ‘gation U.T.S. YieldSt. gation 
(psi) (psi) (in 2 in.) (psi) (psi) (in 2 in.) 
1 39,500 21,100 3 35,500 21,100 1 
2 40,750 22,000 4 050 18,250 1 
2 0s 9350 spoe «= 2sBaaSO © slo000 «1% 
5 35,200 19,000 2% 20,200 16,250 1 
6 36.900 tier 3 25,050 18,500 1 
7 21,500 2 24,350 17,750 1 
4 39,700 20;000 3 27,200 18,250 1% 
9 2,250 19,500 5 24,750 19,000 1 
10 41,400 21;500 4 23,150 19,500 1 
11 41.700 — 3 23,000 18,250 1 
12 40,050 20,250 2% 24.400 17,000 1 
Average 39,800 20,900 3 25,400 "18,400 1 





Similar improvement was obtained by chilling the 
large AZ92A gimbal (Table 7). Here, average prop- 
erties obtained were 39,800; 20,900; 8 in the chilled 
casting as compared to 25,400; 18,400; 1 for the 
unchilled casting. The average properties of the chilled 
AZ92A large gimbal represent an increase of 60 per 
cent in ultimate tensile strength and 30 per cent in 
yield strength over present minimum ‘specifications 
of 25,000; 16,000; 0 for test bars cut from the casting.” 

Mechanical properties of the chilled and unchilled 
small gimbals are listed in Tables 8 and 9. Chilling 


TABLE 8 — MECHANICAL PROPERTIES OF CHILLED 
AND UNCHILLED SMALL MAGNESIUM GIMBALS, 
AZ91C ALLOY (HEAT C) 














Chilled Unchilled 

Per cent Per cent 
Bar U.T.S. Elongation U.TS. Elongation 
No. (psi) (in 1 in.) (psi) (in 1 in.) 
1 44,200 2h 42,200 2% 
2 43,500 —h 25,900 % 
3 39,600 ed 34,700 bid 
4 35,400 rd 43,300 ee : 
Average 40,700 Tt 36,500 ye 





TABLE 9 — MECHANICAL PROPERTIES OF CHILLED 
AND UNCHILLED SMALL MAGNESIUM GIMBALS, 














AZ92A ALLOY (HEAT F) 
Chilled Unchilled 
Per cent Per cent 
Bar UTS. Elongation UTS. Elongation 
No. (psi) (in 1 in.) (psi) (in 1 in.) 
1 37,000 wy 33,000 Ie 
2 36,800 la 41,000 1 
3 40,000 1 28,300 1 
4 36,500 ) 40,300 Rid 
Average 37,550 % 35,650 1 
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TABLE 10 — MECHANICAL PROPERTIES OF CAST-TO- 
SIZE TEST BARS FROM EXPERIMENTAL HEATS 





Heat Ultimate Tensile Y’ 2ld Strength Per cent Elongation 





Strength (psi) (psi) (in 2 in.) 
A 42,850 23,500 3 
42,750 25,500 3 
B 39,300 23,000 3% 
40,600 22,500 3 
c 42,300 23,250 3 
41,000 22,500 3 
D 36,500 19,000 3 
38,600 21,500 2 
E 36,600 22,000 2 
38,750 21,000 2M 
F 36,550 22,000 1 
35,550 21,000 2 





of these castings resulted in very little net improve- 
ment of properties. The chill effect of the sand alone 
was sufficient to produce average mechanical proper- 
ties in the small gimbals well above present minimum 
specifications. For example, the average ultimate ten- 
sile strengths of the unchilled castings of both alloys 
are about 40 per cent higher than present average 
acceptable minimum values. 


SUMMARY AND CONCLUSIONS 


The translation of laboratory results in simple test 
plate castings to the production of high strength mag- 
nesium alloy castings has been described. By judicious 
chilling of the heavier section castings and by careful 
foundry practice, the mechanical properties of magne- 
sium alloy castings may be raised substantially above 
present design minimums. 

In a heavy section AZ91C alloy casting (1/2-in. to 
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2-in. section size) the techniques described, includ- 
ing chilling, resulted in an average improvement of 
70 per cent in ultimate tensile, 34 per cent in yield 
strength, and 400 per cent in elongation over present 
required design minimums. In a similar AZ92A alloy 
casting, the techniques resulted in 60 per cent increase 
in ultimate tensile strength, and 30 per cent increase 
in yield strength. 

In the light section casting investigated (1/10-in. 
to 1/2-in. section size) chills were found to be un- 
necessary for obtaining optimum properties. Unchilled 
castings of both AZ91C and AZ92A alloys made with 
careful foundry practices were found to possess ulti- 
mate tensile strengths about 40 per cent above present 
design values. 
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SINTERED ALUMINA MOLDS FOR INVESTMENT 
CASTING OF STEELS 


By 
F. C. Quigley and B. Bovarnick* 


ABSTRACT 


An investigation was undertaken for the development 
of a new molding process for investment casting of steel 
alloys. The need for high refractoriness and low cost, 
coupled with processing requirements, led to the selec- 
tion of aluminum oxide as the optimum mold material. 
A stable slurry was developed from alumina combined 
with binders and a wetting agent. The mold is formed 
by alternately dipping a wax pattern into the slurry and 
sprinkling the dip coat with coarse grain alumina until 
a built-up wall of desired thickness is attained. 

The green mold is dried overnight in preparation for 
wax melt-out and firing. The melt-out is accomplished 
in less than 2 min, and the mold is fired at 2200 F for 
25 min. After firing, the alumina molds have sufficient 
strength at 1200 to 1600 F to withstand the mechanical 
and thermal shock of pouring. High-quality castings of 
several alloy steels, 1020, 1030, and 4340, have been 
produced with good surface, metal quality, and dimen- 
sional control. These technical features and economic 
advantages of low cost and high speed indicate a high 
potential for the future use of sintered alumina molds. 


INTRODUCTION 


The search for improved precision casting methods 
and techniques has been a continuing activity by 
foundrymen for many years.! The current manu- 
facture of precision castings of iron and steel alloys 
utilizing the lost-wax process is based on the two- 
coat investment mold. The two-coat investment has 
the basic disadvantage of requiring a heavy backup 
in support of a precoat and results in a bulky mold 
encased in a flask supported on a base plate. To 
obtain satisfactory molds, it is necessary to process 
them by long melt-out and firing cycles. 

In recent years, investigations have been conduct- 
ed to resolve the problems associated with the bulky 
investment. From these investigations, processes have 
been reported for the preparation of thin-walled molds 
with firing cycles of short duration.':?:3 Since Ordnance 
is vitally interested in precision casting of steel, a pro- 
gram was initiated at Watertown Arsenal to further 
develop the requirements and techniques for a low- 
cost thin-walled precision investment mold. 

There is general agreement on the mold properties 
which should be optimized for efficient casting prac- 


*The authors are, respectively: Metallurgist and Chief, Sin- 
tered Metals and Ceramics Branch of the Rodman Laboratory, 
Watertown Arsenal, Watertown, Massachusetts. 
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tice. Among these properties, the following were 
deemed basic to the objectives of this work. First, the 
process should result in thin-walled molds which 
would require short-time melt-out and firing cycles 
and would improve the cooling rate in the cast metal. 
It was essential that the mold have high strength to 
satisfy this requirement. To obtain the high strength 
economically, the mold material must be such that it 
could be readily sintered to the requisite strength 
levels. 

Second, the major criteria for the mold material 
were that it be sufficiently refractory to permit the 
casting of metals that require pouring temperatures 
greater than 3000F; at the same time, the mold metal 
interaction be at a minium. An essential demand on 
the mold was that it be capable of withstanding the 
mechanical impact and thermal shock of pouring at 
the high temperatures. 

Third, it was desired to accomplish pattern removal 
and sintering of the mold material (melt-out and bake- 
out) in a one-step operation for maxium efficiency. 
The initial melt-out was to be rapid enough to prevent 
the detrimental effects of wax expansion and permit 
wax recovery. 

The measure of success of this program was that the 
process, as developed, be economically competitive 
with present investment processes. A manufacturing 
cost reduction, or a production rate increase, or a 
combination of these features should be realized. 


MATERIAL SELECTION 


The initial step was the selection of the mold ma- 
terial to conform to the criteria established. The first 
consideration was refractoriness. The material re- 
quires a softening point greater than 3000F. This 
placed it in the class of high-melting compounds. 
Availability and cost narrowed the field to graphite 
and two oxides, alumina and magnesia. 

Since it is a requirement of investment casting that 
complex molds be produced, it was planned to form 
them by the application of slurries to wax patterns. 
The use of graphite was precluded because of the 
limited information on the processing of graphite in 
slip form. The choice between the two oxides was 
dictated by the great difference in the vehicle or 
medium with which their slips could be made. Alumi- 
na requires only ordinary tap water, but magnesia 
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Fig. 1—Rolling Mill Used To Homogenize Slip. Watertown 
Arsenal—Rodman Laboratory. 


needs alcohol. This necessitates precautions in hand- 
ling and use, not to mention the difference in cost 
between alcohol and water. 

Other properties of sintered aluminum oxide in- 
dicated that it had excellent prospects of meeting the 
strength requirements and related criteria. 

1. It has high mechanical strength which allows 
the manufacture of thin-walled molds that could 
be readily handled during in-process operations. 

2. Alumina can be readily sintered to satisfactory 
strength levels at practical temperatures. 

8. Sintered alpha alumina, which undergoes no 

phase change on cooling, has good thermal-shock 
resistance. 


PREPARATION OF SLIP AND MOLD 


The next step was the formulation of a stable, work- 
able alumina slip with certain desirable character- 
istics. 

1. It had to be easily deflocculated and remain 

stable on standing. 

2. It must readily wet the disposable pattern. 

8. It required good coating stability. 

4. It must have the ability to receive and bond a 

coarse grit for mold buildup. 

5. A proper rate of water evaporation is required 

to prevent drying cracks. 
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6. It must have sufficient green strength. 

7. It cannot crack during volitization of the green 

strength binder and wetting agent. 

8. It should be readily sintered. 

9. It should produce a good, smooth mold surface. 

It appears that stringent demands have been put on 
the slip. Nevertheless, a slip formulation has been 
developed such that all of the above properties are 
realized. 

The following slip constituents have been determin- 
ed as the most satisfactory to date as the result of sys- 
tematically controlled experiments: aluminum oxide, 
gum arabic, aerosol, ball clay, tap water, and hydro- 
chloric acid. Acceptable grades of alumina should 
have a chemistry with a minimum aluminum oxide 
content of 99 per cent, iron oxide and soda less than 
0.5 per cent each. 

Should the iron oxide and soda contents exceed 
these limits, it becomes extremely difficult to stabilize 
the slip even with large amounts of hydrochloric acid. 
The powder should all pass through a 325-mesh screen 
and have a bulk specific gravity of 1.5 to 2. Powders 
of low-bulk specific gravity contain excess air, which 
tends to thicken the slip after long periods of rolling. 

The crystalline structure of the particle should be 
alpha alumina, the stable, high-temperature phase. 
The ball clay, with fine grain and high plasticity,® 
was selected to lower the sintering point to within a 
practical firing range. The slip is composed of 75 
per cent aluminum oxide, 0.6 per cent gum arabic, 
0.1 per cent aerosol O.T. (100 per cent), 3 per cent 
ball clay, and the balance tap water. 

The slip is best prepared by adding all of the dry 
material to the water in a porcelain mill jar. The jar 
is rotated on a rolling mill for approximately 2 hr 
Fig. 1). The mill is stopped and hydrochloric acid 
added, one ounce of a three normal solution for each 
10 Ib of slip. The slip is then rolled for 1 hr, again 
stopped, and sufficient acid is added to the solution 
to adjust the pH to approximately 3.4. 

It is then allowed to roll for at least 20 hr to insure 
homogenization. Once the slip has been homogenized, 
further rolling is only necessary if it has been allowed 
to stand for more than 4 hr. The rolling need only 
be for 30 - 45 min to return the slip to its working 
consistency. 


Fig. 2—Stages of Fabricating an 
Alumina Mold. Watertown Arsen- 
al—Rodman Laboratory. 
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Slip life so far has not been determined. Slips one 
or two months old have been used with no noticeable 
adverse effects or deterioration. 

The operation of forming a mold is relatively simple 
(Fig. 2). Wax patterns are mounted on a specifically 
designed hollow aluminum plug or tree, utilizing the 
common lost-wax procedure. There is no base plate 
attached to the plug. The setup is held by a 1/4-in. 
bolt that extends down 2-1/2-in. from the upper inside 
surface of the hollow plug. 

The assembly is dipped into the slip and swirled 
to prevent the entrapment of air bubbles on the wax 
surface. The first dip coat is allowed to dry to a dull 
finish. This requires from 20 - 30 min to air dry, 
depending on the relative humidity and room tem- 
perature. After drying it is redipped. The wet, second 
coat is covered by sprinkling with a 60-mesh alumina. 
This operation is performed to increase the mold thick- 
ness and reduce the effects of thermal expansion. 

Four or five successive dip coats are applied and, 
while wet, each is covered with the coarse grain alum- 
ina of 60 mesh and dried. Drying time between each 
of the coats is approximately 10 - 15 min. 

The average time consumed in forming a mold is 2 
hr. However, only 5 min of the 2 hr is labor time. The 
remainder is spent in drying between slip coats. The 
mold is then thoroughly dried by standing at room 
temperature for 8 - 12 hr prior to the melt-out and 
firing cycle. 


MELT-OUT AND FIRING CYCLE 


As has been stated, a one-step operation was desired 
for pattern removal and sintering of the mold (melt- 
out and firing) to promote maximum efficiency. A 
further advantage of the single-step operation is the 
prevention of mold failure or flaws which result from 
excess handling of molds before strength by firing has 
been developed. 

The melt-out and firing can be done in high-tem- 
perature kilns or conventional furnaces, modified at 
low cost for the process. In the development work 
for this new investment casting mold, an experimental 
induction-heating furnace was constructed: incorporat- 
ing operating features considered essential for efficient 
quantity production. The original furnace was capable 
of firing only one mold at a time. 

A larger furnace was constructed which could han- 
dle five molds. A 2400 F kiln has been obtained 
and modified to have a greater capacity. It is planned 
that, in future work, the melt-out and firing cycle 
will be carried out in the kiln to determine the effi- 
ciency and economics of firing molds this way. 

The specialized features of the experimental fur- 
nace (Fig. 3) were: 1) uniform temperature zone 
larger than the over-all mold, 2) excess power capacity 
to bring the furnace to temperature in minimum time, 
3) removable refractory bottom, and 4) tray for col- 
lection of the falling wax and plug. 

The hollow aluminum plug was so designed to ac- 
celerate heat transfer to the wax-plug interface. This 
was to expedite release and fall out of the plug, which 
is accomplished within 20-30 sec. A coat of wax on 
the surface of the mold wall is left behind. The resi- 
dual wax can then melt and run out smoothly without 
danger of tearing the green-mold wall. 
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The furnace temperature is brought up to and 
maintained at 2200 F for the entire melt-out and 
firing operation, After the mold has been properly 
dried, a soft iron-wire suspension is tied onto it. The 
removable refractory drawer at the base of the furnace 
is withdrawn. This gives an unobstructed path for 
the falling plug and molten wax from the hot zone 
to the collector tray. 

The mold is suspended in the hot zone (Fig. 4) 
by hanging the wire support on a crossbar. The wire 
extends over the open top of the furnace and is 
externally supported. The plug and wax are elimi- 
nated from the mold in from 50-125 sec, falling into 
the tray for subsequent recovery. 

At the termination of the wax elimination, the re- 
fractory bottom is replaced and the mold is fired 





Fig. 3—Modified Induction Firing Furnace. Watertown Arsenal 
—Rodman Laboratory. 





Fig. 4—Firing Furnace With Alumina Mold in Hot Zone. 
(2200 F). Watertown Arsenal—Rodman Laboratory. 
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Fig. 5—A Finished Alumina Slip Mold. Watertown Arsenal— 
Rodman Laboratory. 





Fig. 6—Mold Set Into Flask For Pouring. Watertown Arsenal— 
Rodman Laboratory. 
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at the furnace temperature of 2200 F for an addi- 
tional 25-30 min. This firing period has been found 
adequate for sintering the green mold to satisfactory 
strength to withstand the pouring of the molten metal. 

The sintered mold is taken from the furnace and 
allowed to air cool. The furnace is maintained at 
2200 F to heat the next mold. 

A close-up view of a fired mold (Fig. 5) illustrates 
the characteristics of these sintered alumina molds. 
The thin-wall construction, wax surface detail, absence 
of residual deposits from the wax pattern, and the 
rough external surface of the final grain coat. 


CASTING OF METAL 


The mold is now ready to receive the metal and 
can be cooled either to the desired preheat tempera- 
ture for casting and used immediately, or to room 
temperature and preheated and poured later. It is not 
necessary to back up these molds, as they now have 
the strength to withstand the mechanical force and 
thermal shock of pouring the hot metal. They can 
be set into a flask or any other simple device for 
support. 

Figure 6 shows a mold in a flask supported at the 
base of the pouring cup by two crossbars. It may 
be desirable to support molds for heavier castings at 
the bottom, as the mechanical impact of pouring great- 
er amounts of metal may fracture the mold. 

Typical parts which have been cast in thin-walled 
sintered alumina molds are shown in Fig. 7. In gen- 
eral, the castings were poured at 3100 F into molds 
pre-heated to 1600 F. The alloys represented by these 
parts are 1020, 1030 and 4340 steels. Because these 
parts were cast in a thin-wall mold, the shakeout 
problem associated with the bulky two-coat invest- 
ment was not encountered. In all cases, the surface 
quality is considered to be equal to that of investment- 
cast Ordnance parts. There is no evidence of surface 
reaction between the metal and mold as is some- 
times found in other ferrous investments. 

In addition to the technical features of the process 
described, the desired economic advantages have been 
realized. Calculations, based on an anticipated pro- 
duction application, indicate that this process will 
produce a precision casting in two-thirds the normal 


Fig. 7—Castings Made From An 
Alumina Mold. Watertown Arsen- 
al—Rodman Laboratory. 
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elapsed time. Most of the time is saved in the melt- 
out and firing cycle which takes an average of 16-18 
hr in the standard lost-wax method for casting steel.’ 

This automatically reduces power and fuel costs and 
increases the productivity of a given shop. There is 
also the elimination of flasks and bulky investments 
that have no shelf life. Thus, the development satis- 
fies the fundamental criterion of success as stated 
at the beginning of this paper. 

The work to this time has been concentrated on 
the manufacture of molds and pouring techniques. 
Work in progress is directed to the analysis of dimen- 
sional tolerances. Preliminary examinations indicate 
that there is good reproducibility of the wax patterns 
with only a few thousandths difference between cast- 
ings. Metallurgical quality of the castings produced in 
the sintered alumina molds appears good and is cur- 
rently under closer study. 


SUMMARY 
The development described in this paper offers 
several desirable features: 

1. It is an easily formed thin-walled mold. 

2. It has the high refractory qualities necessary for 
the casting of low alloy steels. 

8. It possesses good mechanical strength requiring 
no backup in casting. 

4. There is no evidence of mold metal interaction 
when casting. 


251 


5. The castings produced have good finish and are 

excellent reproductions of the wax patterns. 

6. The process is economically competitive with ex- 

isting ferrous investment casting methods. 

These technical features and economic advantages 
indicate a high potential for the future use of thin- 
wall sintered alumina molds. However, it is to be 
noted that the results decvribed in this paper have 
been accomplished with pilot-scale operations. No dif- 
ficulties are foreseen in the up-scaling of the pilot 
methods to quantity-production operations. 

To provide a basis to determine the reproducibility 
of the method, future effort is to be concerned with 
a statistical analysis of dimensional variation of the 
castings. Metallurgical examination of the castings for 
structure, decarburization, and physical properties will 
also be investigated. 
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CARBON DIOXIDE CORES IN A MALLEABLE FOUNDRY 


By 


George Nestor* 


INTRODUCTION 


This is a progress report of experiences with the 
carbon dioxide or sodium silicate process. It reviews 
experiences with the process from the development 
stage to the present day when as high as 30 per cent 
of the daily core production is made by this method. 
The practice is economical, rapid, and space saving. 

To prevent foundry scrap castings, such as hot 
tears, blows, and cracks, cores are required with low 
hardness, low gas content and good collapsibility. It 
is, therefore, necessary to consider these properties 
when formulating a sodium silicate core-sand mixture. 
It is also necessary to take into consideration the 
method by which the cores are made. The majority 
of our cores are made with a core blower; few are 
made on the bench or by hand. 


EXPERIMENTAL WORK 


In the experimental phase of the work over 50 
different sand mixtures were tested using various in- 
gredients, mulling cycles, and sequences of additions 
with little success. 

Initial experiments were made by adding sugar or 
molasses to the sand mixture with little success. It 


*National Malleable & Steel Castings Co., Cleveland, Ohio. 


TABLE 1 — MOLASSES 

















A B 
Green Compression 1.37 psi 0.71 psi 
Permeability 130. 136. 
Moisture 1.7 % 1.7 % 
F sa ag 87. 82. 
Tensile (after gassing) 14. psi 40.8 psi 
Density 100.5 100.6 
After gassing 
Moisture 14 % 1.23 % 
Gas content 21.0 cc 16.6 cc 
Hardness 0 29.4 
TABLE 2 — MOLASSES 
A B 
Sucrose 24.6% 38.0% 
Invert Sugar 19.4 39.2 
Total Sugar 44.0 77.2 
Ash 10.7 1.6 
Solids 77.2 *80.2 


*Brix solids 
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was not until a specific grade of molasses was used 
that satisfactory cores were produced with a sand 
mixture containing a minimum of sodium silicate. 

The results obtained in identical core-sand mixtures 
using two different grades of molasses are shown in 
Table 1. 

When this process was first tried in our plant, 
little information was available pertaining to the CO, 
process. All that was known was that a sand mixture 
consisting of water, glass, and sand could be treated 
with COz gas to produce cores for making castings. 

The chief difference in the green properties of the 
two sand mixtures made with the two different types 
of molasses is in the green compression strengths (Ta- 
ble 1). A has a higher green compression strength 
than B. However, it is our opinion that green com- 
pression strength is of little importance since the cores 
are gassed in the box. The only strength that is then 
important is the gassed strength. 


GASSED PROPERTIES 


The analysis of the gassed properties of the two 
mixtures indicates the B mixture produces higher 
gassed tensile strengths. It also produces higher core 
hardness, has a lower moisture content, and produces 
less gas. 

The cores made from mixture B (grade B molasses) 
could be handled, stored and used to make castings. 
The cores made from mixture A (grade A molasses) 
were too soft to handle and could not be used to 
make castings. 

Table 2 notes the chemical analyses of the two dif- 
ferent grades of molasses. Grade A contains only 57 
per cent as much total sugar as grade B. Grade A 
has an ash content approximately seven times greater 
than the ash content of grade B. Grade B should be 
more effective than Grade A. Table 2 also shows that 
Grade A contains only 19.4 per cent invert sugar com- 
pared to 39.2 per cent invert sugar for Grade B. 

It has been determined from a great many experi- 
ments that an ash content of less than 2.0 per cent is 
desirable. The ash is primarily lime which increases 
the viscosity of the silicate. This reduces its efficiency 
as a bonding agent. 

We have not found any convincing or logical ex- 
planation as to the role that sugar plays in the CO: 
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process. It is known that sugar acts as a bonding 
agent and increases the gassed strength of the core. 
However, we believe its bonding strength is only 
incidental and quite minor in effect. 

The sodium silicate used in our operation is a com- 
mon commercial type having a soda to silica ratio 
of 1.0 to 2.4, and a Baume of 52. From our observa- 
tions and experiments, a suitable core could only be 
obtained from core sand mixtures containing a mini- 
mum amount of silicate. 

A careful study of the merits of the process had 
been made before any experiments or trials. From this 
study it was concluded that cores could be made 
economically only if quality cores could be produced 
at a high level of production. To determine if this was 
possible a high production automotive casting was 
selected for a trial of the process. A careful record 
of production, scrap, advantages, disadvantages, and 
other pertinent factors was kept. 

One of the most annoying problems to be overcome 
was stickiness in the core box directly under the blow 
holes, and on the underface of the blow plate. Anoth- 
er problem was that of hardening of the core-sand 
mixture in the holes of the blow plate. Hardening 
of the core sand mixture in the blow chamber or 
magazine of the core blow machine was a concern. 

A release oil was added to the core sand mixture 
to eliminate these conditions. This release oil was 
composed of 18 parts fuel oil to one part oleic acid. 
It was added at the rate of two ounces to every 100 Ib 
of sand mixture. The addition of the oil acted as a 
lubricant as well as a retardant to the air setting of 
the core sand mixture. 


CASTING SURFACE 


The cored surface of the casting was not as good as 
the surface obtained from cores made with core oil 
or resin. Hence it was necessary to substitute 25 
per cent bank sand for 25 per cent lake sand, with two 
per cent of iron oxide added. This mixture produced 
a casting surface comparable to the 100 per cent lake 
sand mixture containing core oil or resin. 

It was then necessary to increase the silicate con- 
tent of the sand mixture from 3.0 to 3.25 per cent 
to produce cores which could be handled. The iron 
oxide was added to reduce burn-on. 

The sieve analysis of the sands used in making 
cores and molds by the COs process is shown in 
Table 3. The bank sand aids in the production of a 
better finish. It also decreases the hardness to some 
extent. An excess of bank sand should be avoided 
since it apparently decreases the storage life of the 
gassed cores. 

Table 4 shows the sand mixture which produces 
satisfactory results in our operation. Mulling times are 
kept at a minimum to retard temperature build-up. 
Mulling times may vary slightly with different types 
of mills. 

The necessity for accurate weighing of the ingredi- 
ents to maintain constant properties in the finished 
cores is of prime importance. Table 5 shows the re- 
sults obtained in a typical COz core-sand mixture and 
a typical core-oil core-sand mixture. 
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In our practice CO, gas is piped into the core 
room from a 12,000 Ib capacity, low pressure, con- 
verter. All cores are gassed at 25 psi for from five to 
10 sec. The CO, gas consumption varies between 50 
to 70 lb per ton of cores. Core weights vary from a 
few ounces to 50 Ib. For some unexplained reason it 
requires more gas to cure the small pin cores than 
the larger sized cores. 

Correct gassing application has an important bear- 
ing on the rate of core production. In a two-box opera- 
tion it is necessary to restrict the gassing time to a 
bare minimum, or it will decrease the rate of produc- 
tion. Increasing the gas pressure does not necessarily 
decrease the gassing time. In some instances to speed 
up the gassing time it was necessary to reduce the 
number of vents at the top of the box or increase 
the number of vents at the bottom of the box to 
facilitate the flow of gas through the core. In other 
instances it was necessary to reduce the volume of 
sand in the core by hollowing out the center of the 
core with a plug. 

Figure 1 illustrates the effect of temperature of the 
sand on core weight. Experience has shown that when 
hot sand is used the air setting of the sand mixture 
is accelerated. This decreases workability. The loss of 
water through evaporation upsets the water-to-sodium 
silicate balance. This has a marked effect on the silica 
gel and causes it to lose its effectiveness as a binder. 
It is important to maintain the proper amount of wa- 
ter in the silica gel if maximum strengths are to be 
obtained. 


TABLE 3 — SIEVE ANALYSIS 








Lake Sand Sieve No. Bank Sand 
4 30 2 
4.5 40 8 
20.2 50 5.1 
46.5 70 19.5 
27.8 100 56.1 
6 140 15.9 
0 200 1.2 
0 270 3 
0 PAN 9 
52.82 AFS Gfn 71.95 
13 % Clay 1.0 
26 % Carbon 26 





TABLE 4 — SODIUM SILICATE SAND MIX 


450 Ib Lake Sand 
150 Ib Bank Sand 
6 Ib Sea Coal 
12 Ib Iron Oxide 
19 Ib 8 oz Sodium Silicate 
4 lb 13 oz Molasses 
al : 12 oz py - 
ixing cycle—1 min wi ingredients 
1 min with Sodium Silicate 
1 min with Molasses 
1 min with Release 








TABLE 5 — COMPARISON OF COs AND OIL CORE SAND 








COz2 Core Sand Oil Core Sand 
0.66 Green compression, psi 0.79 
126. Permeability 105. 
1.94 Moisture, % 2.46 
(gassed) 38. Tensile psi (baked) 140. 
33. Scratch dness 66. 
1.33 Retained moisture, % 0.2 
6.8 cc Gas content 26. cc 
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Fig. 1—Sand temperature core weight relationship. 
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Fig. 2—Effect of sand temperature vs. core storage life. 
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Fig. 3—Effect of sand temperatures on tensile strengths. 


Carbon Dioxide Cores 


It will be noted from Fig. 1 that cores made from a 
core-sand mixture having a temperature of 72 F are 
about 0.5 Ib heavier than cores made from a mixture 
at a temperature of 100 F. Cooler sand also has better 
blowability which aids in the production of a denser, 
heavier core. Satisfactory cores have been produced 
with sand temperatures as high as 85 F. There is a 
noticeable reduction in core quality and storage life 
if temperatures rise to between 86 and 92 F. Cores 
made with a sand mixture at over 92 F are poor and 
core breakage is high. 

Figure 2 shows the effect of sand temperatures on 
core storage life. This graph shows that cores made 
from a sand mixture at a temperature of 78 F increase 
in hardness after air drying for 8 hr. It was deemed 
unnecessary to exceed 8 hr storage, since cores are 
seldom held over that period of time before using. 
Figure 2 illustrates that hot or warm sand is to be 
avoided if cores are to be stored for any long period 
of time. 

Figure 3 shows the effect of sand temperature and 
gassing times on gassed tensile strengths. The cores 
were not gassed beyond 15 sec since our company 
does not gas over 15 sec in production. It will be noted 
that the tensile strengths increased with increased 
gassing times. However, on being heat cured the 
opposite results were obtained. 

The heat cured tensile strengths decreased as the 
gassing time was increased. The same pattern is ap- 
parent with the higher sand temperature (95 F), but 
lower tensile strengths are obtained. 

Figure 4 shows the effect of gassing time on core 
storage life. Low gassing time produces cores which 
increase in strength with increased storage time up 
to 24 hr. It also illustrates that the initial strengths 
increased with increased gassing time, but that the 
strengths decreased as the storage time was increased. 
Strength decreases rapidly in storage with increases 
in gassing time length. 

Figure 5 illustrates the effect of elevated tempera- 
tures on the hardness of cores made from the CO2 
sand mixture noted in Table 4 with only one of the 
additives. The test was made to determine if core 
hardness could be correlated with core collapsibility. 
Standard 2 in. specimens were heated to the temper- 
atures noted and soaked for the indicated times. 
Scratch hardness tests were made after the specimens 
had cooled to room temperature. 
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Fig. 4—Effect of gassing time on core storage life. Cores 
gassed at 25 psi. 





BAnDAaec ce 


|\roaTruw 





asac,A_nmnmaae ee 


SLR ar as 





Fis 





BS 








G. Nestor 


The high level of hardness at 230 F is probably 
due to the dehydration of the sodium silicate. Investi- 
gators claim that sodium silicate produces its strongest 
bond when 2/3 of its original 55 per cent of water 
has been removed or evaporated. 

The steady loss in hardness at 500 F, 1000 F, and 
1250 F may be due to the start of fusion of the 
sodium silicate, and the start of the formation of 
glass. In all probability it is due to the effect of the 
sea coal and molasses. These retard the formation of 
a continuous film of glass on the sand grains. 

At 1500 F all the sea coal and molasses have been 
destroyed, and fusion proceeds rapidly without retard- 
ing effects from these materials. Hardness increases 
almost to the point obtained at 230 F. 

One theory advanced for the low hardness at 2000 
F is that the sodium silicate is formed into globules at 
that temperature, no longer acts as a bond between 
the sand grains. At 2250 F to 2500 F the globules 
of sodium silicate start to react with the sand grains. 
Fusion of the sand grains takes place once more in- 
creasing the hardness. 

Figure 6 shows the temperature-hardness relation- 
ship of the core-sand mixture being used at the pres- 
ent time. This mixture contains all the additives—sea 
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Fig. 5—Temperature-hardness relationship. 
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Fig. 6—Temperature-hardness relationship. 
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coal, iron oxide, and molasses. It will be noted there 
is an absence of hardness at temperatures of 1250 
F through 2000°F. It is not known why these three 
additives affect the hardnesses in this manner. Possibly 
it is because it prevents fusion of the sodium silicate. 

At 2250 F all the additives have been destroyed 
permitting fusion of the silicate and sand grains. This 
mixture containing the three additives which produces 
the absence of measurable hardneses. At the temper- 
atures of 1250 F through 2000 F it produces a higher 
level of hardness at the 2500 F than the mixture con- 
taining only one of the three additives. Attempts 
have been made to extend the minimum hardness 
beyond the 2000 F range, but so far they have met 
with little or no success. 





Fig. 7—Three typical cores and castings made with the CO2 
process. 
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Core collapsibility has not been much of a problem 
at our plant. Some collapsibility takes place at the 
shake-out. More takes place on the cooling conveyor. 
We have found that the rate of collapse is affected 
by the thickness of the metal surrounding the core, 
pouring temperature of the metal, and the length 
of time the castings remain in the mold. The collap- 
sibility has been found to be at its maximum when 
the castings have been permitted to cool to room 
temperature in the mold. 

The addition of the silicate sand to the molding 
sand has not had any noticeable effect on its proper- 


Carbon Dioxide Cores 


ties. The same ranges have been retained on green 
strength, dry strength, green permeability, flowability 
and moisture. No marked affect on pH has been noted. 
It has had no effect on hard or soft scrap losses. 


The CO, process has resulted in a savings of 20 
per cent over the core-oil sand process. This is pri- 
marily due to the labor reduction in core handling. 


Figure 7 shows three typical cores and castings made 
with the COz process in our plant. All these cores 
were formally made with oil-sand cores. 
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PROBLEMS ENCOUNTERED IN CASTING 
REACTIVE METALS 


By 


W. A. Aschoff* and D. H. Blair** 


The purpose of vacuum melting a metal is to pro- 
vide a product with superior properties. By melting 
and casting reactive metals within a vacuum cham- 
ber oxygen and nitrogen contamination can be avoid- 
ed, and purity can be improved by the removal of 
entrapped gases and volatile solids. Radial accelera- 
tion of the solidifying metal augments induced gas 
evolution with centrifugal castings poured in a vacuum 
chamber. The gas also forces lower density inclusions 
to float in toward the rotational axis where they can 
be more easily removed. 

Although reactive metal castings are made commer- 
cially today, many problems of material handling still 
remain unsolved. The greatest difficulty, that of con- 
tamination by atmospheric gases, crucible, and molds, 
has received sufficient attention and research effort. 
Before we can expect to see wide spread application 
of castings of reactive metals like titanium and zirco- 
nium, there are many difficulties to be overcome. 


GAS POROSITY 


Gas porosity in the metal occurs as a consequence 
of employing vacuum melting to’eliminate atmospheric 
contamination. In the case of titanium and zirconium, 
hydrogen or volatile chlorides are considered the ma- 
jor offenders. Oxygen and nitrogen may be present 
in a greater extent and are thought to remain dis- 
solved within the metal. 

Another source of these unwanted gases is possible 
volatiles driven out of the molds when contacted by 
hot metal. The most practical solution seems to be 
that of employing a lesser vacuum in the casting fur- 
nace than the metal has been subjected to in the 
prior melts, and in vacuum drying the molds prior 
to pouring. 

VACUUM-ARC FURNACE 


Probably the most satisfactory type of equipment 
employed for casting reactive metals is a water-cooled, 
copper-crucible, skull-melt, consumable-electrode, vac- 


*Manager Casting Department, Oregon Metallurgical Corp., 
Albany, Oregon. 

** Assistant Manager Casting Department, Oregon Metallurgi- 
cal Corp. 
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uum are furnace as developed by the United States 
Bureau of Mines. However, in this furnace tempera- 
ture measurement and control is practically impossible. 
Although thermocouples are available to cover some 
of the temperatures involved, these metals will be- 
come contaminated if the thermocouple well is placed 
within the molten pool. 

Optical pyrometers cannot be employed during the 
melt because of the intense light from the arc at 
the surface of the molten pool. Probably the best 
answer to this would be to measure the stream of 
molten metal as it is poured from the crucible by a 
thermopile device. The reading of such an instrument 
will depend upon the emissivity of the molten stream. 
This, in turn, is dependent upon the surface conditions 
such as ripple, and splash. 

No satisfactory answer has been reached, although 
we have great hopes for the thermopile device. How- 
ever, this measurement cannot give us control of the 
molten-pool temperature. Since the molten bath is 
contained within a water-cooled, copper crucible, the 
power to maintain super heat is supplied from the con- 
sumable electrode arc. When that arc is extinguished 
the metal must be poured almost immediately. Thereé- 
fore, present practice aims at controlling temperature 
and super heat by amperage and voltage control 
during the melting cycle. 

Science gives way to art at this point where we 
are more dependent upon a good furnace operator 
than upon any other control which can be employed. 

In addition to this problem of controlling tempera- 
ture, we have no method of weighing a charge of 
molten metal prior to pouring. The entire contents of 
the water-cooled crucible must be poured immediate- 
ly. The quantity of metal involved depends upon the 
artistry of the operator. This is true to a great extent 
because of the different characteristics encountered 
in melting in different designs of furnaces. 

The geometry of the crucible—the rate of cooling, 
the relation of electrode size to crucible size, and par- 
tial pressure of inert gas within the chamber—all have 
a great effect upon the temperature of the melt. There 
still remain many unknown factors so we cannot 
predict accurately the results of any given pour 
until it has been tried. However, after a few runs a 
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Casting Reactive Metals 





Fig. 1—Centrifugally cast pipe—6 in. diameter, 6 ft long titanium. 


good operator should be able to pour metal at de- 
sired temperature and quantity within +3 lb. 


ALLOY-CASTING EFFECTS 


Another field which still needs a good deal of inves- 
tigation is the effect of casting various alloys. For 
example, an alpha-beta alloy, such as Ti 6A1-4V when 
poured into a chilled mold forms a needle like basket 
weave structure of crystals. To obtain the desired 
mechanical properties in casting an alloy of this type, 
vigorous heat treatment is required. This is because 
the as-cast metal has a yield strength of only slightly 
above half its ultimate strength. 

The opposite extreme is exemplified by Zircalloy-2, 
an alloy of zirconium and nickel, with iron, chromium, 
and tin added. This alloy exhibits as-cast properties 
equivalent to wrought material with the exception of 
greater ductility. If these metals are to achieve com- 
mercial acceptance, casting alloys must be developed 
which will exhibit the desired properties of strength, 
ductility, and corrosion resistance with a minimum of 
heat treatment after casting. 





Fig. 2—Two-in. titanium globe valve body cast in rammed 
graphite mold. 


Some of the other reactive metals, such as molyb- 
denum, niobium, and tantalum should find a ready 
market as cast shapes. Before we can cast these metals, 
we need more basic research on melting points, heat 
capacities, thermal conductivities, and purity required 
for as-cast ductility. 

Molybdenum in the commercial purity available 
today exhibits absolutely no ductility in the as-cast 
state. In fact, it must be hot forged before any sub- 
sequent machine work can be done on it. However, 
studies by Gordon Poole at the Colorado School of 
Mines! indicate that molybdenum in the range of 3 
ppm nitrogen, 10 ppm carbon and oxygen, is ductile 
in the as-cast state. Molybdenum of this purity is 
still practically unavailable so no experimental shape 
castings have been tried. This is another phase of 
the rare metals industry which should be pursued. 

The availability of higher purity tantalum and nio- 
bium, and lower prices, will undoubtedly stimulate 
activity in these two metals as well. 

Perhaps the so-called super alloys, both iron and 
nickel base, do not belong to the family of reactive 
metals. Results obtained by vacuum melting these 
materials indicate their behavior should put them in 
this class. Conventionally-melted material of this type 
shows improved mechanical properties after subse- 
quent vacuum melting. The nearest approach to the 
maximum potentially available mechanical properties 
can be obtained by starting with extremely high-pur- 
ity raw materials followed by vacuum melting. 

A proprietary nickel-base alloy containing Cr, Co, 
Mo, Ti, Al, and Fe, for example, if air melted once, 
or made from other than the highest purity raw mate- 
rial will contain detrimental oxide inclusions even after 
two, or more high-vacuum remelts. This problem of 
oxide inclusions is prevelent in any of the super 
alloys containing more than 2 per cent titanium or 
aluminum. Oxide conclusions add to the brittleness 
encountered in the as-cast state. 

Probably one of the greatest obstacles facing the 
reactive metal-casting business, is customer accept- 
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ance. One of the big factors involved here is cost. 
Using titanium, as an example, simple shapes as cen- 
trifugally-cast pipe (Fig. 1) can .-be made and sold 
profitably for as little as $8.00 a lb in the as-cast 
condition. The more complex shapes requiring exten- 
sive mold work may run as high as $100.00, $200.00, 
or $300.00 a Ib, depending upon the Apit size, quanti- 
ty, and complexity involved. : 

With better materials, techniques, ‘and equipment 
and increased volume, the cost of these castings is 
expected to drop to where thay af competitive with 
other metals. 

One of the major fields of pissible cost reduction 
is in molds. Until recently machined graphite seemed 
the best material to give a casting not contaminated 
to a great extent, and produced to close dimensional 
tolerances. The material could be fairly easily worked. 
If the shape of the casting were right the mold gave 
reasonably long life. 

Machined graphite was not a cheap mold to make 
since it had to be machined from solid material. In 
the case of cores or complex mold cavities containing 
re-entrant angles where the mold was pinched by 
solidifying metal, the mold was broken each time it 
was used to pour a casting, making the cost of the 
mold almost prohibitive. 

Massive metal molds of copper, aluminum, and even 
steel have been used in many cases successfully. How- 
ever, they have the same limitations we find in ma- 
chined graphite. 

A great deal of work has been done toward devel- 
oping a rammable mold material which will not con- 
taminate the metal castings. Probably the most suc- 
cessful consists of powdered graphite bonded with a 
carbonaceous binder. Fields, of Dupont, and Edelman, 
of Frankford Arsenal? have developed a mold mate- 
rial of this type which shows a great deal of promise. 
(Fig. 2) 

A somewhat similar material has been developed 
by the United States Bureau of Mines. The molds of 
this type in certain instances indicate that the price 
of the finished article in any quantity will be approxi- 
mately half of the price of a similar part made from 
machined-graphite molds and cores. There seems to 
be slightly more contamination in a rammed mix than 
is found in a machined graphite mold. This is not 
detrimental in many instances. 

Shrinkage and warping encountered in baking these 
molds prior to pouring presents a problem where 
close tolerance castings are required. In cases where 
close as-cast dimensions are not required the rammed 
mix does offer many advantages in the cost of the 
finished product and in the production speed. 

If the machined-graphite molds can be reused 10 or 
more times, generally they will be cheaper than 
rammed graphite. The greater ease of gating and riser- 
ing possible with the rammed material may prove 
more important than the cost alone. 


SCRAP UTILIZATION 


Another excellent opportunity for possible lowering 
of costs lies in utilizing scrap material for melting 
stock. There is a need for better methods of recycling 
gates, risers, and scrap castings with a minimum of 
labor and no deterioration of metal quality. 
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Another item which needs attention in cost reduc- 
tion is in a better and cheaper method of cooling the 
castings rapidly within the vacuum furnace without 
employing the inert gas now in use. Although this 
seems to be a minor item, it can account for as much 
as $1.00 a lb added to the price of the final product. 

It is important that these castings be cooled rapidly, 
since a furnace containing castings in the mold is 
inoperative. An idle furnace is not a money maker. 
Again using titanium as an example, castings must 
be cooled to about 1200 F before they can be exposed 
to air if surface oxidation is to be avoided. The fastest 
cooling method of these reactive metals is to back-fill 
the vacuum furnace with helium gas. If this gas could 
be salvaged and reused the savings could be tremen- 
dous. 

Sales resistence on the part of prospective custom- 
ers is a major obstacle which still remains. Until 
this obstacle is overcome, castings of reactive metals 
cannot be made on a mass-production basis. 
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Fig. 3—Cast zirconium alloy reactor part. 





Fig. 4—Zirconium pipe, centrifugally cast, for redraw into 
thin-wall tube. 
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Education is needed to convince prospective buy- 
ers of the advantages of vacuum-melted, cast-reactive 
metals. Although many are familiar with the corrosion 
resistance and mechanical properties of these metals 
and alloys in the wrought form, castings are still an 
unknown quantity. 

Widespread application of cast reactive metals will 
continue slowly until more general knowledge is avail- 
able and disseminated upon their properties. 

A second phase of this sales problem concerns 
making known the availability of shape castings. Those 
which are either more economical to produce by this 
method, or shapes not practical to produce by other 
methods. Two entirely different types of zirconium 
castings serve to illustrate this last point. 

The first is a static-poured shape casting of zirco- 
nium alloy used in a thermal nuclear reactor (Fig. 
3). The part produced by casting exhibited entirely 
satisfactory strength and corrosion resistent properties. 
Its cost was less, and the percent recovery of the 
rather rare and expensive zirconium metal was much 
greater than comparable parts made either by machin- 
ing from solid material or from forgings.* 

A second illustrative item is a centrifugally-cast zir- 
conium pipe (Fig. 4) from which thin-wall tubing 
may be drawn. In atomic-power reactors, the cost of 
zirconium tubing can be a major item. Such a large 
item that in many cases it is more economical to 
use stainless steel tubing and go to a higher enriched 
fuel than to use the more expensive zirconium tubing. 

If this tubing is made from redrawn centrifugally- 
cast material, its cost should be lowered sufficiently. 


Casting Reactive Metals 


Fig. 5—Cast titanium one-piece 
shrouded centrifugal pump im- 
pellers. 


The economic balance between tube efficiency and 
cost, and fuel element cost should swing to zirconium 
tubing. This tubing requires less potent fuel than 
stainless steel. 

Items such as one-piece, completely-shrouded, cen- 
trifugal pump impellers (Fig. 5) serve as a good 
example of shapes which cannot be produced by 
means other than casting. These parts are now avail- 
able. The prospective customer must be made to know 
they are available, and that they can be made at a 
reasonable price. 


SUMMARY 


Before shape castings can be expected to occupy 
the quantitative position they deserve in the reactive 
metals field, we must solve the questions of gas poros- 
ity, and temperature control. The problem of what to 
do with conventional alloys, heat treatment, and de- 
veloping better alloys specifically for casting must be 
solved. The problem of better and more efficient meth- 
ods of making these castings to reduce cost, and of 
selling the prospective customers on the advantages 
and availability of these shapes must be answered. 
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THE PROBLEM OF HOT MOLDING SANDS 


By 


R. W. Heine,* E. H. King,** and J. S. Schumacher*** 


INTRODUCTION 


In some foundries, molding sand may be used a 
number of times during each molding and pouring 
period. As the sand is reused for molding, its average 
temperature rises because of heat input of the metal 
poured into previous molds. After being reused sev- 
eral times a fairly stable temperature above room 
temperature is attained by the sand at the point of 
the molding operations. 

Thus, the first molding in a work period is done 
with ambient temperature molding sand of about 50 
to 85 F. The later molding is done with sand at a 
consistently higher temperature, such as 100 to 160 F. 
The higher molding-sand temperatures have been 
suspected of having a harmful effect on molding sand 
properties. These temperatures were suspect in impair- 
ing the sand molding behavior, and causing casting 
defects. 

Numerous foundrymen have shown positively the 
relationship of rise in temperature of the molding 
sand to an increase in casting defects and difficul- 
ties in molding with the hot sand. 


EFFECT OF TEMPERATURE ON SAND CONTROL 
PROPERTIES 

As a-starting point, it is important to know wheth- 
er some properties commonly measured by sand con- 
trol tests are altered significantly by increasing sand 
temperature in the range of 60 to 160 F. The follow- 
ing experiments were carried out: 

A standard 18-in. D vertical-wheel muller was run 
at 42 rpm and equipped with electrical heating ele- 
ments and thermal insulation. This was so the tem- 
peratures of the muller parts in contact with the 
sand could be maintained at a particular temperature 
above room temperature. Molding sand was heated 
to the temperature being studied, and charged into 
the muller at the same temperature. Water was add- 
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ed immediately and the sand was mulled for six min 
at this temperature. 

The sand was riddled through a No: 6 sieve into 
an insulated, preheated container. Container and sand 
were placed in an oven held at the temperature be- 
ing studied. All sand testing equipment which might 
contact the sand was heated in the same oven to 
avoid heat loss to the specimen tube and compression 
plates. 

Standard 3-ram specimens were prepared and test- 
ed as rapidly as possible. Moisture determinations 
were made on broken green compression specimens. 
Using this technique, the effect of sand temperature 
on some properties of several sands was determined. 

Table 1 presents data relating some properties to 
temperature for a new sand mixture composed of 
8.0 per cent southern bentonite, and 92 per cent 85 
AFS, 4-screen sand. Table 2 presents similar data for 


TABLE 1 — COMPARISON OF SOME STANDARD 3-RAM 
PROPERTIES OF A SOUTHERN BENTONITE BONDED 
SAND AT ae TEMPERATURE AND ROOM 








MPERATURE® 
Green Dry 
Temperature Compressive Compressive Av. Mold 
F %H2O Strength, psi Strength, psi Hardness 
60 4.20 12.5 100 85 
90 4.20 12.7 92 85.5 
60 3.30 18 56 89 
122 3.30 19.5 48 89.5 
60 3.0 21.0 44 91.5 
122 3.0 21.0 40 92 


% 0 ood cent southern bentonite, 92 per cent 85 AFS, 4-screen 





TABLE 2 — COMPARISON OF STANDARD 3-RAM 
PROPERTIES OF A WESTERN BENTONITE BONDED 
SAND AT ELEVATED TEMPERATURE AND NORMAL 








TEMPERATURES® 
oo Dry 

Temperature pressive Compressive Av. Mold 
F % H2O me psi Strength, psi Hardness 

60 3.0 24.0 52 91.5 

90 3.0 23.0 47 91.0 

60 3.8 16.0 142.0 86.0 

122 3.8 15.7 132.0 85.5 


*8.0 a cent western bentonite, 92 per cent 85 AFS, 4-screen 
sand. 
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Fig. 2 — Effect of mulling time on temperature per cent mois- 
ture, green strength and dry strength of hot sand charged 
into muller at 270 F. 
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Hot Molding Sands 


a new sand mixture of 8.0 per cent western bentonite, 
and 92 per cent 85 AFS, 4-screen sand. 

These sands were mulled with tempering water 
at room temperature for 10 min. They were then 
dried at 220 F, and heated to the temperature being 
studied and mulled with water. The data presented 
in Tables 1 and 2 represent a thoroughly mulled 
sand condition. This point must be recognized. 

Examining the data in Tables 1 and 2 indicate no 
substantial differences between elevated temperature 
sand and room temperature sand. This is as far as 
green and dry-compressive strength, and mold hard- 
ness at a given percentage of moisture. There is an 
indication of about a 5 to 10 per cent drop in dry 
strength at the higher temperatures. This is not re- 
garded as being really significant. 

Several foundry sands and new fire-clay bonded 
sands were tested in this way. The results were similar 
to those above for Tables 1 and 2. The results re- 
ported are believed to be applicable to most foundry 
sands for the properties and temperatures studied. 
No foundry sand involving malpractice of sand treat- 
ment such as overloading with clay or carbonaceous 
materials was studied. 

The data in Tables 1 and 2 are limited to'a maxi- 
mum temperature of 122 F. This temperature was 
found a practical barrier to the techniques employed. 
This is because of the rapid loss of water from the 
sand above 125 F. Moisture evaporation begins below 
125 F, but the effect becomes pronounced above this 
temperature. 

Erratic results reflecting moisture loss during test- 
ing were obtained at higher temperatures. This is 
regarded as an important and useful observation. In 
foundry use, molding sands over 120-125 F can be 
expected to lose water rapidly. Therefore, they will 
be erratic in their molding behavior. 

When stored in a sealed container at temperatures 
over 120-125 F moisture moves from the sand mass 
as a whole and condenses on the container walls. 
The application of this observation to hot. sand in 
storage bins is evident. Moisture leaving the sand 
condenses on patterns and causes sticking and other 
condensation problems. This can be observed in sand 
testing where condensation and sticking of sand to the 
specimen support occurs. 

For these reasons, the sand should be cooled during 
mulling to a temperature below 120 F. If the sand 
is discharged, from the muller at higher temperature, 
for example 160 F, moisture can be expected to leave 
the sand rapidly. This results in moisture segregation 
in storage, channeling in bins, condensation on pat- 
terns, and erratic green- and dry-strength sand prop- 
erties. 


EFFECTS OF MULLING HOT SAND 


In studying the properties of molding sands at 
temperatures over 120-125 F, it became obvious that 
the mulling and cooling of the sand was a major 
factor of the problem of hot molding sands. It was 
found impractical to try to achieve constant tempera- 
ture during the mulling cycle by mulling at temper- 
atures from 125 F and over. This is especially true 
at temperatures over 160 F.. 
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At the higher temperatures, a constant percentage 
of moisture can not be retained in the sand during 
mixing. Rapid evolution of water vapor is encouraged 
by the mulling action. Both the temperature and 
moisture content of the sand decrease in a short 
time interval during mulling as shown in Fig. 1. Once 
the sand temperature has decreased to 120 F or 
below during mulling, beth moisture content and sand 
temperature fall slowly. 

Figure 1 applies specifically to the sand charge and 
mulling conditions employed, but illustrates the gen- 
eral principles. In this specific case, a 4500 gram 
batch of dried molding sand was charged in the 
muller at 250 F. The full amount of water was 
added and mulling begun at once. No exhaust sys- 
tem was attached to the muller. Evaporation took 
place to the open air by the mixing action of the 
muller. 

Prior to mixing the batch, several batches of sand 
at the same temperature were mixed to bring the 
muller wheels and other parts up to the operating 
temperature. This mulling technique is the same as 
that in foundries with a hot sand problem. In these 
foundries sand is charged into the muller at a higher 
temperature, and mulled to a lower temperature by 
moisture evaporation. Figure | is an example of the 
changes in temperature and moisture of the sand 
during mulling. 

While these changes in moisture and temperature 
of the sand are occurring, the properties of the sand 
also begin to develop from the mulling action (Fig. 2). 
To obtain data for Fig. 2, a 4500 gram batch of sand 
was charged into the muller at 270 F and 6.0 per 
cent water was immediately added. The same mulling 
conditions were employed as for Fig. 1. 

Mulling was continued for 3.0 min and samples 
were withdrawn for tests at appropriate intervals 
during mulling. The test results yielded data. which 
are plotted in Fig. 2. 

The curves for temperature and moisture content 
of the sand show the same trend as in Fig. 1. Figure 2 
also shows that green compressive strength is de- 
veloped early, and continues to rise throughout the 
mulling period. However, dry compressive strength 
rises to a maximum and then begins to decrease again. 
Increasing dry strength early in the mulling period is 
the result of water distribution, wetting of the sand, 
and the mechanical effects of mulling. Decreasing dry 
strength later in the mulling period is the result of 
drying out of the sand. It can be seen that the mull- 
ing of hot sand involves two important physical pro- 
cesses—1) during mulling cooling of the sand occurs 
with its resultant evaporation of moisture, and 2) 
later in mulling, the properties of the sand are devel- 
oped. These two processes will be considered sepa- 
rately. 


COOLING OF HOT MOLDING SANDS 


When hot molding sands are mulled, temperature 
and moisture content of the sand decrease according 
to the general principles discussed and illustrated in 
Fig. 1. This decreasing temperature and moisture con- 
tent of the sand is bound to occur.This is because 
of the physical laws of vapor pressure and heat of 
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vaporization of water over the temperature range up 
to 212 F shown in Fig. 3. 

This figure shows that vapor pressure increases rapid- 
ly once temperatures over 125 F are reached. Further- 
more, the large surface area over which the water 
can be spread in a sand greatly accelerates the rate 
of evaporation. This combination results in an un- 
stable moisture level in the sand during mixing at 
temperatures over 125 F—especially over 160 F. The 
temperature of sand in the muller must then drop 
as moisture evaporates until a fairly stable moisture 
content and sand temperature is reached. The level 
at which the decreasing moisture and sand tempera- 
ture curves in Fig. 1 become stable will vary. The level 
will vary with the type of muller and its speed (rpm), 
exhaust system, size and temperature of sand batch, 
and timing and amount of additions. 

Even the per cent of water added at the beginning 
of the muller cycle influences the rate at which the 
sand is cooled to a temperature of 120 F or lower 
(Fig. 4) Two different batches were mulled using the 
techniques described. The sand was charged into the 
muller at 350 F. In one case, 6.67 per cent water 
was added, and in another 4.67 per cent water was 
added at the beginning of the cycle. With more water 
present initially, Fig. 4 shows that a temperature of 
120 F was reached in 3.60 min of mulling. When 
less water was present initially 4.9 min were required. 


MOISTURE IN SAND 


The moisture retained in the sand is higher when 
the water added initially is higher. In all cases studied, 
the sand temperature could be mulled down to 120 F 
rapidly by adding all the water immediately at the 
beginning of the mulling cycle. 

Water added to the muller should be regarded as 
having two different purposes - 1) water for cooling 
the sand, and 2) water to be mulled into the sand 
and retained as temper water. The amount of water 
required for cooling can be theoretically calculated. 
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TABLE 3 — WATER NEEDED IN MULLER 

Conditions 

Initial sand temperature = 350 F 

S heat* of sand = 0.183 Btu/lb/F 

ling water = 68F 
sand temperature — 120F 

———. 


. Heat given up in cooling to 120F: 0.183 x 
(a50e 130) 2.2 Bea) Mb. 
2. anes! taken on by water on heating from 68 F to 120 F 
and uy at 120 F 
1.0 x (120—68) = 52.0 Btu 
1025.0 Btu (from fig. 2, Btu to evapo- 
rate water at 120 F) 
1077.0 Btu/Ib water 
3. Pounds of water ar to cool one Ib of sand from 
350 F to 120 42.2 Btu/Ib sand—1077.0 aloe 
water = 0.0392 ‘ib water = approximately 3.90 pe 
cent geo are required to cool — from 350 Ft od 
120 F assuming none condenses and drips back into 
the muller. 


"© Average of experimentally determined values for several 
molding sands over the range. 
*°This method is an approximate one of sufficient accuracy for 
the purpose of this paper. 
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Hot Molding Sands 


Consider the problem in Table 38. 

In Table 3 the total water added to the muller 
must allow 3.90 per cent for cooling and evaporation, 
plus the percentage to be retained as temper water. 

The theoretical water requirement was calculated 
in this way from several initial sand temperatures. 
This requirement is plotted in Fig. 5 for final tempera- 
tures of 80, 120, and 140 F. The theoretical calcula- 
tions can be checked against experimental determin- 
ations from the data and graphical presentations in 
Figs. 1 and 4. For a 4500 gram batch of sand charged 
into this muller at 250 F with 4.80 per cent moisture, 
Fig. 1 shows that the water content has decreased to 
2.80 per cent and the temperature to 120 F. after 3.0 
min mulling. 

This indicates an experimental evaporation loss of 
2.0 per cent for cooling the sand from 250 F to 120 F. 
compared with a calculated loss of 2.20 per cent. 
Experiments at other initial sand temperatures gave 
the results listed in Table 4. The experimental and 
calculated evaporation losses in Table 4 are plotted 
in Fig. 6. Figure 6 shows the experimental losses are 
about 10 per cent less than the calculated ones. This 
is probably due to condensation of the steam and its 
return to the sand by drippage from the muller parts. 

Time is required to cool the sand since the water 
must be evaporated. For example, Fig. 1 shows that 
3.0 min are required to mull the sand from 250 F to 
120 F under the conditions described. The time re- 
quired to cool the sand down to 120 F is listed in 
Table 4, and plotted in Fig. 6 for various initial sand 
temperatures. 

When insufficient cooling water is added at the 
beginning of the mulling cycle, the time required 
to cool the sand is extended. Except for the case at 
350 F when insufficient water was added initially, the 
data in Table 4 and Fig. 6 assume that sufficient water 
has been added to cool the sand and leave water for 
tempering at 2.8 to 3.9 per cent. 

Even with sufficient water present, time is required 
for the sand temperature to decrease to a temperature 
where mulling begins. Not until the sand grains are 
cooled to about 160 - 170 F will moisture remain on 
them long enough so that effective mulling begins. 
When the average temperature is above 160 to 170F, 
evaporation occurs so rapidly during mixing that a 
true mulling action does not occur. 

Rapid cooling of hot sands can be accomplished by 
a maximum water addition at the beginning of the 
cycle. The magnitude of the addition is based on the 
total of that required for cooling, plus that percentage 
to be retained as temper water. For the mulling con- 
ditions studied in this report this is the percentage 
shown in Fig. 6 for the initial temperature of the sand, 
plus the temper water desired. 

For other mixing conditions, the percentages will 
be somewhat different from those shown in Fig. 6. This 
depends on the nature of the mixing equipment and 
process. Finally, a mulling cycle of constant time 
interval does not guarantee equivalent mixing of 
successive batches of hot sand of varying temperature. 
This is because of the time required to cool the sand 
to a temperature where mixing begins. 

The value of a constant time for a complete mulling 
cycle for hot sands may be questioned on the basis 
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of the foregoing observations. Since the temperature 
of the ingoing sand may vary frequently, the time 
required to mull to any specific lower temperature 
will vary. A better practice is to control the time of 
mulling during a specific temperature interval, such as 
160 F to 120 F, at some minimum time. 

An alternativ e is—time measurement of the mulling 
portion of the cycle might not be started until the 
sand was cooled to 160 F. The initial time required to 
cool the sand to 160 F could be allowed to vary 
depending on the ingoing temperature of the sand, 
mulling conditions, etc. A definite time period for ef- 
fective mulling would be guaranteed. This works in 
the laboratory. 


DEVELOPING PROPERTIES OF HOT MOLDING SANDS 


The moisture content and temperature of hold 
molding sands is transient during mulling. This is until 
a sufficient mulling time has elapsed so a stable mois- 
ture content and temperature combination is reached. 
It follows that the green and dry properties of the 
sand will develop to reflect the change in temperature 
and moisture content of the hot sand as it is mulled. 

For comparison, the development of sand properties 
during room temperature mulling must be known. 
Consider the mulling of new sand mixture of 8.0 per 
cent western bentonite, and 92 per cent 85 AFS sand 
with 4.0 per cent water. The effect of mulling time in 
a sealed 18 in. diameter vertical wheel muller operat- 
ing at 42 rpm on green compressive strength and cry 
compressive strength is shown in Fig. 7. 

These properties rise to a maximum and then re- 
main virtually constant as mulling time increases. Fig- 
ure 7 also indicates that green strength is developed 
more rapidly than dry strength during mulling. This 
can be emphasized by replotting the data in Fig. 7 as 
in Fig. 8. The latter figure is a graph showing how 
green strength and dry strength vary simultaneously 
during the mulling period. The curves in Fig. 8 show 
that green compressive strength increases a little with 
increased mulling time. Dry compressive strength 
increases greatly. Adequate green strength can be 
reached quickly by mulling, but it may take longer 
to develop adequate dry strength. 

This is a significant point regarding hot molding 
sands. A major effect of high sand temperatures is to 
decrease the effective mulling time. High sand temp- 
eratures can delay dry strength development. Refer- 


TABLE 4 — EFFECT OF SAND TEMPERATURE ON 
COOLING DURING MULLING 
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ring to Fig. 8, a standard curve of the combinations 
of maximum green and dry compressive strength 
developed in this sand at different moisture contents 
by mulling at room temperature is shown. In mulling 
a new mixture the properties must gradually approach 
maximum as the graph shows. Mulling is complete. 
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Fig. 7 — Effect of mulling time on green strength and dry 
strength developed of a new sand mixture at room tempera- 
ture, 70 F. 
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Fig. 9 — Same as Fig. 8, fireclay and southern bentonite mixes. 
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Curves similar to Fig. 8 can be obtained for other 
bonding clays such as southern bentonite and fire 
clay as shown in Fig. 9. This figure indicates that south- 
ern bentonite mulls to maximum properties more 
rapidly than western bentonite. It also shows that fire 
clay is unique in that its maximum dry strength is 
reached at about the same time as maximum green 
strength. 

It cannot be overemphasized that Fig. 7, 8, and 9 
apply to new sand mixtures mulled at room tempera- 
ture. If the fully mulled mixtures are dried and then 
remulled, the same changes takes place, but total 
mulling time to reach maximum green and dry 
strength is reduced frem 6 to 10 min to 2 to 3 min 
for each clay-bonded type. 

The first mulling cycle takes longer, possibly because 
it requires time for dispersion and attrition of the clay 
as well as wetting with water. The second cycle re- 
quires only wetting with water. In foundry sands, 
where the sand has been mulled a number of times 
part of the clay may be thoroughly mulled. New clay 
additions for rebonding require the longer mulling 
times for developing maximum properties. 

The foregoing data shows that adequate green 
strength can be developed more quickly than ade- 
quate dry strength by mulling at room temperature. 

When hot molding sands are mulled, the progress 
of developing green and dry strength depends 
on sand temperature. If the sand is so hot that moist- 
ure will not remain on the sand grains, molding sand 
properties will not begin to develop during mulling. 

As sand temperature decreases during mulling, a 
temperature is eventually reached where the moist- 
ure will wet the sand grains (and clay), and remain 
long enough for mulling to progress. By visual ob- 
servation of hot sands charged into the muller at 
temperatures of 120 to 500 F, permanent wetting of 
the sand grains and effective mulling appears to be 
about 160 to 170 F. 

When the sand has cooled to this temperature, fur- 
ther mulling develops the green and dry properties 
in a manner similar to that at room temperature. 

This sequence of events has been illustrated in Fig. 
2 for a 4500 gram batch of sand charged into 18 in. D 
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Fig. 10 — Change with mulling time of green strength-dry 
strength combinations of a hot sand toward the room tem- 
perature oe strength-dry combinations. The lower 
curve on this graph is replotted from Fig. 2. 


Hot Molding Sands 


verticle wheel muller at 270 F and 6.0 per cent water. 
The sand mixture was composed of 80 per cent 
western bentonite, 92 per cent 85 AFS 4-screen sand 
pre-mulled at room temperature for 10 min. 

Green strength is developed early and continues to 
rise throughout the mulling period (Fig. 2). Dry 
strength rises to a maximum and begins to decrease. 
The increasing dry strength of the early portion of 
the mulling period curve is the result of wetting and 
water distribution. Decreasing dry strength later in 
the mulling period is due to drying out of the sand. 
With continued mixing and decreasing temperature, 
the dry strength ( and related green strength) of the 
hot-mulled sand should approach that of the same 
sand mulled at ambient temperatures. 

This is shown by the data of Fig. 2 as in Fig. 10. The 
standard combinations of green and dry compressive 
strength for this sand thoroughly mulled at room tem- 
perature over a wide range of moisture contents is 
shown on the solid line curve in Fig. 10. The combina- 
tions of green and dry strength of the hot mulled sand 
of Fig. 2 are also shown, as is mulling time and mois- 
ture content of the hot sand. 

At first green strength develops quickly and in- 
creases slowly, while dry strength increases rapidly 
toward the maximum possible during the mulling and 
cooling of the sand. When the sand temperature has 
dropped to about 140 F, continued mulling is accom- 
panied by a decreasing dry strength and rising green 
strength because of moisture evaporation. Further 
changes in green and dry strength with increased 
mulling time parallel the changes occuring at room 
temperature. This is largely controlled by moisture 
content. 

The combination of green strength and dry strength 
of the hot mulled sand usually does not reach the 
maximum combination developed by mulling the same 
sand at room temperature. Early in the cycle Fig. 10 
shows that the green strength is low by only a small 
amount, while the dry strength is low by a large 
amount. After mulling the sand for 60 sec to a mois- 
ture content of 4.10 per cent, Fig. 10 shows that green 
strength is only 1.3 psi low, 15.8 max compared with 
14.5 psi. Dry strength under these conditions, however, 
is 100 psi low, 165 max compared with 65 psi actual. 

These principles imply that when molding sands 
are mulled hot, little loss of green strength is to be 
expected. Dry strength is likely to be low unless 
mulling is continued long enough. Erratic dry strength 
behavior is the result of the observation as applied 
to foundry sand usage. If the foundry has a fixed 
mulling cycle, but considerable variation of the temp- 
erature of sand charged into the muller, the result 
will be erratic dry strength behavior. This has been 
observed in foundry sand practice. 

Figure 11 shows the erratic dry strength properties 
developed after mulling 1.50 and 4.0 min under the 
mulling conditions previously described for a western 
bentonite bonded sand. Figure 12 shows similar results 
for a southern bentonite bonded sand. In both cases, 
the general trend of increased sand temperature is to 
increase the range of dry strength values noted at a 
particular moisture content. More variation is encount- 
ered at higher sand temperatures and the shorter 
mulling time. 
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Fig. 11 — Approach of dry compressive strength of hot mulled 
western bentonite sand toward maximum obtained by mulling 
at room temperature as time increases from 1 min-3.0 min. 


In both cases (Fig. 11 and 12), the green compres- 
sive strength of the hot mulled sand was either identi- 
cal with or only slightly lower than the anticipated 
value. Also, dry strength may be a little low or 
much lower than the anticipated value, depending on 
the initial temperature of the sand, total mulling time, 
and the final temperature to which the sand was 
mulled. The essential point is that if the sand is 
mulled long enough to cool it to a temperature below 
120F, a combination of green and dry strength will 
be developed. This will be reasonably close to. the 
combination obtained by mulling the same mixture at 
room temperature. 

If a few tenths of a per cent additional water is 
added during the last 30 sec of the muller cycle after 
it has cooled beiow 130 F, the final combination of 
green and dry strength will be almost identical with 
those obtained by mulling at room temperature. 

The combinations of green and dry compressive 
strengths obtained by mulling at room temperature 
have been extensively investigated and reported.’ This 
information provides the basis for room-temperature 
properties toward which the properties of hot molding 
sands will develop during mulling. The extent to 
which hot sands approach the properties developed 
at room temperature depends on the technique em- 
ployed in mulling. 

If the sand is mulled long enough to cool it to 
120 F or below, and a tenth or a few tenths of a per 
cent moisture are added late in the cycle, the prop- 
erties of the hot sand will be close to or identical 
to those developed by room temperature mulling. 
The foregoing assumes that the sand has not been 


1. R. W. Heine, E. H. King, J. S. Schumacher; “Correlation of 
Green strength, Dry Strength, and Mold Hardness of Mold- 
ing Sands” 1958 AFS TRANSACTIONS, MopERN CASTINGS, 
March 1958,.p. 49. 
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Fig. 12 — Same as Fig. 11 for southern bentonite sands. 


heated to a high enough temperature to cause de- 
crepitation of the clay bond present. 


SUMMARY 


The hot sand problem of production foundries in- 
volves two important physical processes. 

First, the sand must be cooled to a temperature 
where effective mulling begins. The cooling process re- 
quires a definite time interval and per cent water ad- 
dition depending on the temperature of the ingoing 
sand. Batch size, cooling air, type of muller, rpm of 
mulling, ambient temperature, and other variables 
also influence the actual cooling time required in any 
particular foundry set up. 

Nevertheless, there will be a certain minimum time 
required for cooling the sand to a temperature when 
effective mulling begins (160-170 F in these invest- 
igations). The total mulling cycle involves time for 
cooling, plus time for effective mulling at temperatures 
of 160 F or under. 

Second, mulling must be continued after the initial 
cooling period. This will cause adequate dry strength 
to be developed, and permit the sand to approach the 
ideal dry and green strength combinations which result 
from room temperature mulling. The criterion of 
adequate mulling time for hot sand should be dry 
compressive strength (or combination of green and 
dry strength) rather than green strength. 

The actual details of desirable mulling techniques 
for cooling hot sands and developing properties will 
vary depending on the condition existing in foundries 
having a hot sand problem. Techniques which have 
proven satisfactory in the cases studied are suggested 
in this paper. 

Other problems such as condensation on patterns, 
and sticking of sand grains to the condensate are 
particular to temperature differences between the 
sand and patterns. These difficulties will decrease as 
the sand is effectively cooled and mulled to below 
120 F. 








STEEL .SCRAP SPECIFICATIONS 
FOR DUPLEXING CUPOLA WHITE IRON 


By 


R. H. Greenlee* 


INTRODUCTION 


Many foundries leave to their purchasing depart- 
ment the full responsibility of selecting and purchas- 
ing the proper grades of steel melting scrap for their 
melting operations. This is often done without prop- 
er specifications being first submitted to the Pur- 
chasing Department by Metallurgy or the melting 
personnel. In this case, purchasing must shoulder 
the full responsibility of obtaining steel scrap with- 
out the benefit of a specification requirement. 

As can be seen under these circumstances, Pur- 
chasing is often unaware of the increased melting 
costs which results from the purchase of improper 
scrap. Through this error, there has undoubtedly been 
a tremendous quantity of poorly prepared, alloy con- 
taminated steel scrap used by various foundries. This 
type of scrap although it may have been purchased 
at a reasonable cost is costly when considering its 
effect on melting losses and producing quality iron. 


PURPOSE 

It is the purpose of this paper to: 

1. Present known facts which result from the use 
of improper steel melting scrap. Particularly facts 
which affect costs and metal quality. 

2. To describe a program which was instituted at 
the author’s company to give concrete proof for 
the necessity of requiring rigid specifications for 
the purchase of steel melting scrap for cupola— 
electric-duplexing of malleable iron. 

3. To list those specifications which were necessary 
to insure quality iron at reduced costs, and to 
describe our steel melting scrap program as it 
is in effect today. 

4. Tabulate benefits resulting from the above pro- 
gram. 


EFFECTS OF UNDESIRABLE MELTING SCRAP 


Clips, busheling, etc. when exposed to the air blast 
of a cupola are an undesirable charging material. 





*Plant Supt., Auto Specialties Mfg. Co., St. Joseph, Mich. 
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They have a high ratio of surface to weight, and 
melting losses can be expected to rise accordingly. 
This loss is due primarily to excessive oxidation on 
the exposed metal surfaces. Chemical analysis at the 
spout is difficult to maintain within a certain chemical 
range. 

Silicon and manganese losses are higher. Charging 
this material is difficult, particularly if automatic 
charging equipment is used. 

The average car of steel scrap contains varying 
quantities of rusty, heavily-scaled scrap. This type of 
material is undesirable, because melting and oxidation 
losses are increased. Also, the metallurgical proper- 
ties of the iron produced from this type of scrap are 
impared. Using heavily oxidized material in the charge 
make-up requires a higher silicon and manganese base 
for a given analysis of these elements at the spout. 

Additional limestone is necessary to flux these ox- 
ides, as more erosion of the lining is experienced. 
This creates additional cost for repairing. It is diffi- 
cult to control the analysis of an iron when the 
charge consists of a considerable per cent of this 
material. Wide fluxations are experienced in the chem- 
ical analysis of the iron at the spout. This makes 
it almost impossible to adjust the charge properly. 

Alloy found in otherwise good melting stock has 
created many problems for the metallurgist. This is 
particularly true when chromium is present. Small 
quantities of chromium in white iron retard the time 
required to graphitize white iron to malleable iron. 

Foundries carrying 0.03-0.04 per cent residual chro- 
mium in their iron have added several hr to their 
annealing or malleablizing cycle. Many castings 
throughout the malleable industry have been scrapped 
because of high chromium content. 

White iron containing 0.09-0.15 per cent chromium 
will not anneal completely regardless of the length 
of the annealing cycle. Other elements such as nickel, 
copper, and aluminum, have their deleterious effects 
on the degree of graphitization of white iron. Each 
of these elements promote the formation of primary 
graphite during solidification. 
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R. H. Greenlee 


Approximately three years ago a program was in- 
stituted at the author's company to study the effect 
and relationship of the various types of steel plate 
and structural melting scrap to cupola melting losses. 
An acceptable method of calculating cupola melting 
losses was the first consideration. After studying this 
problem it was decided that two methods of approach 
would be desirable. One from the standpoint of dol- 
lar value, and the other from weight loss. 

If the following factors were recorded, cupola melt- 
ing losses could be calculated within a fair degree of 
accuracy, and would show fluctuations in melting 
losses due to changes in charge make up providing 
the large tonnage figures considered were: 

1. Accurate weight of all raw materials being 
charged into the cupola. 

2. Actual costs of these raw materials. 

3. Weight of metal poured. 

The weights of all raw materials in the cupola were 
recorded on recording tape connected to the charge 
scales. These weights were totaled each day. To cal- 
culate the per ton cost of raw material charged, cur- 
rent delivered prices were used. 

The weight of poured metal represented the total 
weight of the iron in the molds for that particular 
day. All spill, drops, etc. were remelted in the electric 
furnace to eliminate these variables in computing 
melting loss. 

The electric furnace was being used only as a 
holding furnace for the refining and superheating of 
cupola metal. Therefore, any losses sustained here 
would be small and for the purpose of our tests 
remain quite constant. Figures shown as per cent 
melting loss include any loss resulting from the oper- 
ation of the electric furnace. 

Following is a report on the first of a series of 
three tests which indicates a relationship between 
melting loss and scrap preparation. 


Melting Loss Due to Scrap Preparation 


This report shows amount of dollars lost through 
melting when light, poorly-prepared steel scrap is pur- 
chased and used for melting stock. The following 
factors were carefully analyzed for 27 consecutive 
days: 

1. Raw material cost per ton charged each day. 

2. Melting loss recorded each day. 

3. Quality and type of steel scrap. 

For calculating the cost of the raw materials re- 
quired to charge one ton of iron, all raw materials 
with the exception of foundry returns were considered. 
They include pig iron, steel, coke, limestone, flour- 
spar, soda ash, manganese briquettes, silvery piglets 
and ferro-boron. 

The steel melting scrap was divided into four types: 

1. Extra light steel scrap 

Steel approximately 1/32-in. thick , 
2. Light steel scrap 
Steel between 1/32-in. to 3/16-in. thick 
3. Medium steel scrap 
Steel approximately 1/4-in. thick 
4. Heavy steel scrap 
Steel 1/4-in. and up—including structural, and 
hydraulic steel bundles, 
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Table 1 shows raw material cost per ton according 
to the type of steel scrap used. Each dollar value 
represents the average cost per ton of purchased raw 
materials for each ton charged based on one day’s op- 
eration. 

According to Table 2 had we been able to charge 
heavy melting scrap in place of the extra light to 
medium scrap for the 16 days we used lighter scrap, 
we would have saved $5,992.40. Also, during this 
same period, we would have saved 103.3 tons of 
iron lost due to oxidation in the cupola. This is over 
and above that which would have been lost had we 
been able to charge heavy melting scrap. 

Further tests were made involving an additional 
6000 tons of melting scrap. The results of these tests 
were essentially the same as noted in Table 1 and 
Table 2. 

To conclude this series of tests 4320 tons of metal 
were melted in the cupola using approximately 25-30 
per cent hydraulic steel bundles. The average cost of 
the raw materials per ton melted was $26.36. This 
figure is again a comparative one and does not rep- 
resent current prices. 

The same cost per ton of all raw materials was 
maintained throughout all tests. This figure of $26.36 
represents the lowest cost figure based on 50 per cent 
foundry returns obtained in any of the tests run. 

The type of scrap most frequently melted in the 
cupola prior to these tests falls under the classification 
of fairly light steel plate. This type of melting scrap 
gave a cost of $27.29 per ton melt. A savings of 
$0.93 per ton resulted when using hydraulic bundles 
instead of this scrap. 

Normally, hydraulic steel bundles can be purchased 
at a cheaper price per ton so the actual savings be- 
comes even greater. It is the conclusion of the au- 
thor’s company that well prepared alloy-free hydrau- 
lic steel] bundles are the most economical source of 
steel scrap for cupola melting of white iron. 


TABLE 1 — RAW MATERIAL COST PER TON 





Extra Light Scrap Light Scrap Medium Scrap Heavy Scrap 





$27.11 $25.51 $25.51 $24.55 
27.19 25.61 25.96 25.07 
27.46 25.71 25.39 24.42 
27.59 25.51 bat 24.83 
26.61 26.26 25.02 
/ 25.81 24.33 
25.86 24.95 

26.35 24.53 

ia 24.78 

24.86 

shia siti state 24.53 
Ave. 27.19 25.83 25.62 24.71 





TABLE 2 — COST VS. LOSS 


Extra Light Heavy 
Scrap Legt.Scrap Med. Scrap Scrap 








Ave. cost/ton/melt $27.19 $25.83 $25.62 $24.71 
Dollars lost/ton 

Heavy scrap/std. $ 2.48 $ 1.12 $ 0.92 $00.00 
Total dollars lost 

heavy scrap/std. $2896.64 $2405.76 $690.00 $00.00 
Tons melted 1168 2148 750 2990 
Tons lost 79 116.7 27 91 
Per cent melting loss 6.8 5.5 3.6 3.04 


Tons lost per scrap 
heavy scrap/std. 43.3 52.8 4.2 00.00 











270 


The extent of the savings will depend upon the 
preparation of the bundles, the source of the clips, 
and the amount used. The larger the per cent bun- 
dles used, the greater the savings as compared to the 
use of light plate for cupola charge makeup. 


Specifications for Steel Melting Scrap 


At the conclusion of the foregoing tests it was evi- 
dent that rigid specifications for purchased steel melt- 
ing scrap would be necessary if melting costs were 
to be kept under control. From the results of operating 
tests, the hydraulic steel bundle was selected to rep- 
resent the bulk of our steel melting scrap. 

One of the disadvantages of using steel bundles is 
that of detecting tramp elements which may be con- 
tained within the bundles. These tramp elements are 
not visible from the outside of the bundles. To solve 
this problem it was necessary to specify the sources 
of clips being used to produce the bundles. 

Sources of clips, after plant inspection, were ac- 
cepted or rejected on the following basis: 

1. Chemical analysis. 

2. Size and shape. 

8. Possibility of alloy being mixed with them. 

4. Physical appearance—clean, rusty, etc. 

Dealers producing bundles for the author’s compa- 
ny were permitted to use only those sources of clips 
which were on an acceptance list. Other clips found 
in bundles from unknown sources were used as a 
basis for car rejection. 

All incoming cars of steel scrap are checked care- 
fully for alloy contamination, quality of bundles, clean- 
liness of the car, etc. This information was recorded 
and became a permanent record for each dealer. 

Cars of bundles entering the foundry are previous- 
ly checked by qualified laboratory personnel. They 
report the condition of the cars in respect to size 
and quality of the steel bundles, and whether there 
is alloy in the cars. This report, and further check- 
ing if necessary, is carefully considered. 

As a result, the car is either accepted or rejected. 
If rejected, the dealer who produced the bundles is 
notified that specifications have not been adhered to 
and the car has been rejected for use in the foundry. 
Cars which meet specifications are further checked 
during unloading or during charging. Accepted cars 
which, during unloading, are found to not meet spe- 
cifications are rejected and the dealer notified. 

Through a constant routine checking of scrap 
it has been possible to improve the quality of steel 
melting scrap. 


Steel Scrap Specifications 


BENEFITS REALIZED 


Benefits realized from a program such as described 
have been extensive. One of the most important is 
that of uniformity of melting conditions. This resulted 
in a closer control of chemical analysis. Steel bundles 
being quite uniform in size allowed for deeper blast 
penetration of the coke bed, less tendency for slag 
freezing at the tuyeres, and lower cupola back pres- 
sures. 

It is interesting to note that with less cupola back 
pressures we were able to obtain 500-700 cu ft per 
min more air thru the centrifugal blower than pre- 
viously. 

Silicon and manganese losses have been reduced 
by the use of cleaner scrap resulting in lower metal 
cost at the cupola spout. Annealing cycles have been 
held to a minimum due to the absence of alloy 
contamination in the iron. Generally, annealing cycles 
for the malleablizing of white iron accommodate the 
fluctuation of chemical analysis of the white iron. The 
greater the fluctuations, the longer the annealing 
cycles. 

Proper control of melting scrap and close control of 
all melting operations results in a more uniform anal- 
ysis. Residual alloys contained in the iron will be held 
to a minimum. The net result will be shorter annealing 
cycles, lower anealing costs, and increased annealing 
capacity. 

It is not uncommon for foundries to occasionally 
find they have castings which do not anneal properly. 
Upon investigation they find residual chromium con- 
tent in the iron to be high. Occasionally, the chro- 
mium content is found to be of such a high per cent 
that it is necessary to actually scrap the castings. 
This has been avoided by close control of all incom- 
ing scrap to be used in the melting operation. 

Records show that cupola melting losses have been 
reduced over the past three-year period. Higher man- 
ganese and silicon recovery have been experienced 
thus producing iron at a lower spout cost. 


CONCLUSIONS 

1. Melting costs can be reduced in any foundry by 
instituting quality specifications on all incoming 
melting scrap. 

2. Less casting scrap will be produced due to chem- 
ical analysis, particularly from high residual al- 
loys contained in the iron alloys which originated 
from purchased scrap. 

3. Annealing costs will be reduced as a result of 
shorter annealing cycles. 
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THE CHEMICAL TREATMENT OF COPPER ALLOYS 


By 


R. W. Ruddle* 


INTRODUCTION 


The chemical treatment of molten metals is far 
from being a new branch of applied science. Rec- 
ords are available which show that chemical treat- 
ments were practiced as early or earlier than 1500 
B.C. There are numerous accounts of chemical treat- 
ments carried out during the last few hundred years. 
For example, a 17th century bell founder stated that 
he was able to improve the soundness of his castings 
by adding copper scale and potash to the metal prior 
to pouring. Hull’ states that during the last century 
founders commonly added an empty whiskey bottle 
to brass melts with the object of reducing zinc loss. 

Until recently the approach to this subject was 
entirely empirical and little was known of the mech- 
anism underlying the treatments practiced. However, 
in the last few decades a more scientific approach 
has been made to the subject and this has led to con- 
siderable progress in the understanding of the reac- 
tions which take place during the melting and casting 
of metals. 

The purpose of this paper is to review some of 
the standard chemical methods of treating molten non- 
ferrous alloys and to give some indication of the 
underlying theory behind these treatments. 

The main purposes of chemical treatment are: 

1) Reduction in melting losses. 

2) Prevention of dross formation which leads to in- 
clusions in the casting. 

3) Removal of gases. 

4) Production of the correct grain structure in the 
casting. 


MELTING FLUXES 


The extent to which metal is lost during melting 
as a result of oxidation varies considerably with the 
type of furnace used. Reverberatory and other fur- 
naces where a large area of surface is exposed give 
the largest loss and electric furnaces the smallest. 
Some actual figures are highly instructive. For exam- 
ple, with gunmetals, Hanson and Pell-Walpole* quote 
losses in reverberatory furnaces of 0.7-4 per cent. In 


*Technical Manager, Foundry Services, Inc., Columbus, O. 
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crucible melting the recent work of Jackson and 
Brown® has indicated gross losses of about 2-4 per 
cent in melting leaded gunmetal. Cook* has shown 
that during yellow brass melting with induction fur- 
naces the loss is normally about 2 per cent. Conversion 
of these figures into dollars and cents show that the 
financial loss is considerable. Frequently, the melting 
loss accounts for more than half the cost of melting. 

The precise alloy being melted also has a large 
effect on the loss. For example, in crucible furnace 
melting Jackson and Brown* found losses of 2 per cent 
with 85-5-5-5 red brass, 4 per cent with 86-7-5-2 lead- 
ed gunmetal, negligible losses with phosphor bronze, 
about 3 per cent with yellow brass and about 2.5 per 
cent with high tensile brass. The figures quoted are 
those obtained when good practice is employed. 
Where practice is less than good, the melting loss may 
rise as high as 10 per cent or more. 

A commonly used method of reducing the metal 
loss is to spread a layer of charcoal about 1-2 in. 
thick on the surface of the melt. This acts mainly 
as a chemical barrier to the diffusion of oxygen into 
the melt and may also to some extent provide a physi- 
cal barrier against the outward diffusion of zinc vapor. 
Jackson and Brown* have shown that with certain al- 
loys, in particular, those which do not have a high 
zinc content, (i. a zinc content not exceeding - 
about 5 per cent), a charcoal cover produces a sub- 
stantial reduction in melting losses. For example, with 
red brass the melting loss is reduced from 2 per cent 
to about 1/2 per cent by a cover of this type. 

However, charcoal covers are much less effective 
in alloys where certain elements, such as zinc, are 
lost preferentially by volatilization. Here the fluid 
flux cover is the best means of lowering melting loss- 
es. The whiskey bottle already mentioned is an early 
cover of this type. Use of such covers can give, un- 
der production conditions, melting losses as low as 
0.1-0.2 per cent. Jackson and Brown,’ for example, 
found that with high tensile brass the melting loss 
was lowered from 2.5 per cent to about 0.1 per cent by 
such a cover, as illustrated in Fig. 1. Similarly Pursall*® 
found that fluid flux covers reduced the metal loss 
in melting 65-35 yellow brass from 3.6 per cent to 
1-2 per cent depending on the precise flux used. 
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Fluxes of this kind are usually based on materials 
such as glass and borax. They are of such composition 
that they do not increase the normal attack on cru- 
cibles or furnace linings and are not so viscous that 
metallic particles are trapped in the flux when it is 
skimmed from the melt prior to pouring. Their main 
action is physical and they present a substantial bar- 
rier to the diffusion of gases in or out of the melt. 
It may be noted that the diffusion of metal and oxygen 
is extremely slow in silicate or borate slags. 

Sometimes these protective fluxes include ingredi- 
ents added for the removal of impurities from the 
melt. Aluminum, iron, zinc, phosphorus, arsenic, lead 
and silicon are among the impurities which can be 
removed in this way. Figures 2 and 3 show how the 
removal of iron and zinc respectively are effected by 
the oxidizing power of the flux. 

With alloys containing elements which have a high 
affinity for oxygen but which form tenacious oxide 
skins, (aluminum in aluminum bronze is an example), 
melting losses are generally low, about 0.25 per cent. 
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Fig. 2—Effect of flux composition on iron removal from phos- 
phor-bronze.® 


Copper Alloys Treatment 


A film of alumina is formed on the surface. This 
reduces the loss of other elements by oxidation and 
volatilization, acting in this respect much like a glass 
cover. However, formation of these films presents 
serious difficulties in aluminum bronze and similar 
alloys since the films make the metal sluggish and 
difficult to run. Furthermore, the oxide films may give 
rise to inclusions on the surface and in the interior 
of the casting. Besides being unsightly they have a 
marked weakening effect on the mechanical proper- 
ties. Fluoride-containing fluxes which absorb alumina 
are now widely adopted in practice for stripping oxide 
films from the metal surface thus greatly reducing 
these difficulties. 

Recent work by Sully, Hardy and Heal® with light 
alloys has shown that although these fluoride fluxes 
dissolve a little alumina, their main action in removing 
alumina films from the surface of the melt is a physical 
one. The fluxes wet the oxide films and cause them to 
float into the flux layer. For those interested in this 
subject, computations made by Atterton® indicate that 
the surface tension of the flux must exceed about 
1 dyne per cm for effective removal of alumina 
films. Atterton states that this condition is comparative- 
ly critical and that only certain quite restricted ranges 
of flux composition have surface tensions in excess 


of this value and are thus able to remove alumina 
films. 
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Fig. 3—Effect of flux composition on zinc removal from phos- 
phor-bronze.® 
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Fig. 4—Effect of gas porosity on strength of (A) lead-free 88- 
10-2 and 88-8-4 gunmetals and (B) leaded 85-5-5-5 red brass. 
Both deoxidized with phosphorus. 

- - - Porosity due to gas dissolved in melt. 

——— Porosity caused by mold reaction. 
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GAS RFMOVAL 


The principal gases which dissolve in metals in sub- 
stantial quantity and therefore cause trouble during 
solidification of the casting by giving rise to porosity 
are hydrogen and several compound gases, such as 
steam, carbon monoxide and sulfur dioxide. 

The extent to which hydrogen or other gas poros- 
ity is harmful to the properties of copper alloy cast- 
ings is shown in Fig. 4. This illustrates the effect 
of gas porosity on the tensile strength of 88-10-2 and 
85-5-5-5 gunmetals. Other types of copper alloys, e.g., 
aluminum bronze, are similarly affected although gas 
porosity is relatively seldom troublesome in the cast- 
ing of the yellow brasses. 

For simplicity, treatments designed to remove hy- 
drogen and to prevent compound gas formation are 
considered separately below. 


Hydrogen Removal 


The solubility of hydrogen in liquid copper or oth- 
er liquid metals is relatively high but falls abruptly 
when the metal or alloy freezes, thereafter contin- 
uing to fall slowly as the temperature decreases 
(Fig. 5). Hence, if a casting has a gas content 
exceeding the solid solubility at the melting point, 
the excess gas will be suddenly thrown out of solu- 
tion when metal freezes and bubbles will form in 
the casting. In a very slowly cooled casting in which 
freezing was fully directional most of these bubbles 
could probably escape. But in practice this situation 
rarely obtains and usually most of the bubbles are 
trapped within the solidifying casting causing gas 
porosity. 

If a gassy melt is allowed to stand in air, much 
of the hydrogen dissolved in the majority of copper 
alloys will diffuse through the surface of the melt into 
the atmosphere. However, because of the diffusion 
barrier offered by the presence of the oxide skin on 
the surface the process is too slow to be of practical 
consequence. It can be made faster simply by stirring 
the metal with a paddle, thus breaking up the oxide 
skin and bringing gassy metal to the surface. Much 
greater acceleration can be produced by stirring un- 
der a flux cover which absorbs the oxide present 
on the surface and thereby removes one of the bar- 
riers to outward diffusion. 

Still more rapid hydrogen removal may be ob- 
tained by purging the melt with an inert gas which 
is insoluble in the metal. The dissolved gas diffuses 
into the bubbles of inert gas as they rise to the surface 
of the melt. To make this process as rapid as possible 
it is desirable to insure that the bubbles are as 
small as possible and are released as near as possible 
to the bottom of the melt. A given volume of gas 
passed through the melt will be more effective if the 
bubble size is small than if it is large since in the 
former case the surface area of the bubbles is a 
maximum. 

It should be pointed out that the effectiveness of 
degassing, although high at first, falls off as the gas 
content of the melt is reduced. It follows that if it 
is desired to reduce the hydrogen content of the 
melt to a very low value, large volumes of purging 
gas are necessary. However, the gas content of the 
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melt can be lowered to commercially satisfactory 
values such that porosity troubles are not serious in 
a relatively short time. 

The scavenging gas used to remove hydrogen from 
copper alloys is nitrogen. Baker and Child’ studied 
the degasification of copper alloys in considerable 
detail, finding that 100 Ib melts could be effectively 
degassed by passing dry nitrogen at 5 to 10 litres per 
minute (0.177 to 0.353 cu ft per min) for about 
5 minutes. The practice of nitrogen degassing how- 
ever presents some difficulties owing to the necessity 
of using relatively fragile refractory tubes to intro- 
duce the gas into the melt (stout graphite tubes 
are best). Also it is a nuisance to transport nitrogen 
cylinders and the attached tubing, etc., about the 
melting area. For these reasons nitrogen degassing 
has never become popular in copper alloys foundries. 


Prevention of Compound Gas Unsoundness 
(a) Mechanism of Porosity Formation 


As already mentioned, compound gases are also 
a common cause of porosity in copper, bronzes and 
gunmetals, and nickel alloys. The three gases in- 
volved are steam, sulfur dioxide and carbon monox- 
ide. Only the steam reaction is considered here. in 
detail since the mechanism of porosity formation by 
sulfur dioxide and carbon monoxide is similar; and 
steam reaction porosity, from the point of view of 
most foundrymen, is probably the most important of 
the three. 

Both hydrogen and oxygen dissolve quite freely 
in copper and many of its alloys. The concentrations 
of these elements in the melt tend to reach equili- 
brium with the moisture content of the furnace at- 
mosphere according to the following equation: 


H.0 (g) = 2H +0° 


During freezing the solubility of both gases falls as 
seen earlier when hydrogen alone was considered. 
As the result, steam bubbles form within the melt, 
and unless remedial measures are taken severe gas 
porosity will frequently result. The relationship be- 
tween the oxygen and hydrogen contents of the melt 


*The symbols H and O indicate that these elements are dis- 
solved in the metal. 
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Fig. 5—Solubility of hydrogen in copper alloys as a function of 
temperature (diagrammatic). 
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are governed by the equilibrium constant of the above 
reaction as given in the following equation: 
x [HI? [0] 
pH2O 

Where [H] and [O] are the concentrations of hy- 
drogen and oxygen respectively in the metal and 
pH:O is the pressure of water vapor in the furnace 
atmosphere. 

This means that at any one temperature, assuming 
a given pressure of water vapor in the furnace atmos- 
phere, the (limiting) concentration of oxygen in the 
melt is inversely proportional to the square of the 
concentration of hydrogen. Conversely the (limiting) 
concentration of hydrogen is proportional to the square 
root of the concentration of oxygen. In other words, 
as the concentration of one gas increases, that of 
the other is reduced. The concentrations of these 
two gases in a copper or copper alloy melt are there- 
fore related by curves of the kind shown in Fig. 6. 
The precise position of the curve depends on the 
temperature of the melt and on the moisture vapor 
pressure. Increase in either of these quantities shifts 
the curve upwards as illustrated in Fig. 6. 

It should be emphasized that the gas concentra- 
tions given by the lines in Fig. 6 are the maxima 
that the melt can hold under the conditions assumed. 
It is possible for the melt to contain less gas than 
indicated by these curves. It follows that the actual 
plotted gas contents can fall to the left of the curve 
under consideration but not to the right of it. 


Fig. 6—Equilibrium between hydro- 
gen and oxygen dissolved in molten 
copper. (A) left—the effect of tem- 
perature (1 = 2642 F; 2 = 2282 F; 
3 = 2102 F); (B) right—the effect of 
water vapor pressure (1 = 335 mm 5 
Hg; 2 = 234 mm Hg; 3 = 92.5 mm 
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Fig. 7—Degassing by oxidation-reduction and by gaseous 
flushing (diagrammatic). 
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(b) Oxidation-Reduction Treatments for Prevention 
of Unsoundness 

It is obvious from Fig. 6 that if the oxygen content 
of the melt is raised to a relatively high value, the 
hydrogen content is limited to a low value. This fact 
is the basis of the oxidation-reduction degassing treat- 
ments so frequently employed in practice. The way 
in which this kind of treatment works can be illus- 
trated by reference to Fig. 7 and 8. Let it be assumed 
that a particular melt has picked up moderate quan- 
tities of both hydrogen and oxygen during melting 
and that the concentration of both of these elements 
are given by Point 1 on Fig. 7. 

The melt is now oxidized in order to expel the bulk 
of the hydrogen. Some oxidation can be effected by 
insuring that the metal is melted under an oxidizing 
flame. But to secure thorough hydrogen removal it 
is also normally necessary to treat the melt with 
an oxidizing flux. This treatment increases the oxy- 
gen content of the metal to that corresponding to 
Point 2 on Fig. 7. Hydrogen is thereby expelled 
from the melt as water vapor. The concentrations of 
oxygen and hydrogen travel down the curve of Fig. 7 
from Point 1 to Point 2. 

It is necessary to remove the bulk of the oxygen 
introduced by the oxidizing treatment immediately 
prior to pouring the melt. A deoxidant such as phos- 
phorus must, therefore, be added to the melt. This 
reduces the oxygen content of the melt to a low 
value corresponding to Point 8 on Fig. 7. The hy- 
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Fig. 8—Diagram illustrating concentration of hydrogen and 
oxygen in residual liquid during freezing. 








R. W. Ruddle 


drogen content remaining is substantially unaffected. 
The oxygen is removed (when phosphorus is used 
as the deoxidant) according to the following equa- 
tion: 

2P + 4Cu + 70 = 2Cu,0. P.O; (slag) 


The deoxidation product is a cuprous phosphate slag 
of the approximate composition 2Cu2O. P2O; and it 
may be noted that one unit by weight of phosphorus 
removes about 1.8 units by weight of oxygen.*° 

It might be thought that addition of sufficient phos- 
phorus to bring the oxygen content of the melt back 
to Point 3 on Fig. 7 would suffice and that castings 
then made from the melt would be sound. This, how- 
ever, is not so for reasons which can best be explained 
by reference to Fig. 8. This figure, which is qual- 
itatively similar to Fig. 7, illustrates the equili- 
brium between hydrogen and oxygen in solidifying 
metal. It corresponds to a lower temperature and to 
a water vapor pressure of about 1 atmosphere (760 
mm or 29.9 in. of mercury) instead of to a water 
vapor pressure of a few tenths of an in. of mercury 
as is the case with Fig. 7 which applies to conditions 
during melting. Assume that the oxygen and hy- 
drogen concentration represented by Point 3 of Fig. 
7 correspond to Point A on Fig. 8. 

It will be noted that Point A is well removed from 
the curve. It must be remembered that steam bubbles 
cannot be formed in the melt unless the concentra- 
tions of oxygen and hydrogen when plotted yield a 
point on or to the right of the curve. Then the steam 
pressure at least equals the atmospheric pressure. 
However, during freezing of the casting both oxy- 
gen and hydrogen tend to concentrate in the still 
liquid part of the casting. The solid metal frozen in 
the earlier stages of solidification contains very little 
of either of these elements. The oxygen and hydro- 
gen concentrations in the liquid metal, therefore, 
tend to move along a line such as A B. Eventually 
these concentrations reach the critical value for steam 
evolution, at, for example, Point B. This generally 
happens fairly late during the freezing process. The 
steam bubbles formed at this stage are unable to 
escape from the casting and therefore give rise to 
gas porosity. 

For this reason it is necessary to add extra deoxi- 
dant to the melt when carrying out the deoxidizing 
treatment discussed above. This additional deoxidant 
does not much affect the location of Point 3 since 
at this point the small concentrations of oxygen and 
phosphorus dissolved in the melt are in equilibrium 
with each other. However, as soon as the oxygen 
concentration tends to rise during the freezing proc- 
ess the reaction above goes to the right and the 
“extra” oxygen is precipitated in harmless form as 
small globules of cuprous phosphate slag. 

This, of course, does not affect the way in which 
hydrogen concentrates in the residual liquid during 
freezing but it does prevent the oxygen from simi- 
larly concentrating. The hydrogen-oxygen concentra- 
tions in the residual liquid, therefore, travel along line 
A C instead of along line A B of Fig. 8. It will 
be observed that these concentrations must move a 
long way along line A C before the concentrations of 
the two gases reach the critical value and for this 
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reason gas porosity does not develop unless the hy- 
drogen concentration of the melt was initially high. 

It is instructive to consider the amounts of phos- 
phorus necessary to prevent steam reaction unsound- 
ness from arising. The initial deoxidation effected 
before pouring (along the Line 2-3 in Fig. 7) gen- 
erally necessitates a phosphorus addition of about 
0.01 per cent. Recent studies of the equilibrium be- 
tween oxygen and phosphorus in copper melts have 
shown that in order to prevent undue concentration 
of the oxygen during freezing a residual phosphorus 
of about 0.005 per cent is necessary''. This is illus- 
trated by Fig. 9, which shows the porosity found in 
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ingots of copper-cadmium alloy with low oxygen con- 
tent and low or moderate hydrogen contents at the 
time of deoxidation. It follows that when using the 
oxidation-reduction treatment the minimum effective 
phosphorus addition is about 0.015 per cent. In prac- 
tice a somewhat larger addition, 0.02-0.025 per cent, 
is usually made to allow a safety factor. 

(c) Gaseous Degassing Treatments 

Another method of insuring freedom from gas un- 
soundness is to melt the metal under a charcoal or 
other reducing cover. This prevents the melt from 
picking up oxygen and also largely deoxidizes the 
melt should the charge itself contain oxygen. Hydro- 
gen is, however, freely admitted to the melt during 
melting under charcoal and when the melt is ready 
for pouring, the gas concentrations are liable to be 
as depicted by Point 4 on Fig. 7. 

The hydrogen can be readily removed by passing 
nitrogen or other inert gas through the melt as dis- 
cussed earlier. At the end of this process the concen- 
trations of hydrogen and oxygen are again given by 
Point 3 of Fig. 7. Deoxidation is again imperative to 
prevent concentration of both oxygen and hydrogen 
in the melt. But since the oxygen content is already 
much lower than is the case when the oxidation- 
reduction treatment is effected, a smaller ‘es 
addition of, say 0.01 per cent, is adequate. 

(d) Practical Fluxes and Deoxidizers 

Reducing fluxes employed when nitrogen purging 
is adopted generally contain a fair amount of carbon- 
aceous material. On the other hand oxidizing fluxes 
consist of an oxidizing agent, such as cupric oxide 

TABLE 1 —EFFECT OF VARIOUS DEGASSING 


TREATMENTS ON THE DENSITY AND MECHANICAL 
PROPERTIES OF SAND-CAST COPPER ALLOYS 





Elonga- 
Tensile tion 
Density, Strength, in 2 in., 
Alloy Tre»tment g/cc Ib/in? % 
88-10-2 Phosphorus dexoidized 
Gunmetal only 8.60 32,950 21 
Melt treated with 
oxidizing flux 
Phosphorus deoxidized 8.71 41,450 36 
Melt gassed with 
hydrogen 


Phosphorus deoxidized 8.57 31,800 13 
Melt gassed with hy- $ 
drogen; later treated 
with oxidizing flux 
and phosphorus 
deoxidized 8.62 41,650 28 
Melt gassed with hy- 
drogen; later degassed 
with nitrogen and 
phosphorus deoxidized 8.80 45,250 25 
88-8-4 Melt melted in reduc- 
Gunmetal _ ing flame 
Phosphorus deoxidized 8.46 20,900 6.5 
Melt melted in oxidiz- 
ing flame 
Phosphorus deoxidized 8.74 34,950 17 
Melt melted in oxidiz- 
ing flame, treated with 
oxidizing flux and 
phosphorus deoxidized 8.74 45,450 38 
85-5-5-5 Melt melted in oxidiz- 
Red Brass_ ing flame 
Phosphorus deoxidized . .. 32,250 17 
Melt melted in oxidiz- 
ing flame; later treat- 
ed with oxidizing flux 
and phosphorus de- 
oxidized ee 35,250 23 





Copper Alloys Treatment 


and a fusible salt which gives the flux adequate 
fluidity. For example, Baker: and Child’ recommend 
a flux consisting of cupric oxide and potassium nitrate. 
Hanson and Pell-Walpole* suggest the use of either 
cupric oxide or manganese dioxide as the oxidizing 
agent. Sand or glass is often used as the fluidizing 
material. Naturally the effectiveness of a flux de- 
pends to some extent upon both its oxidizing power 
and on the quantity of flux used. The influence of 
both these variables is illustrated in Figs. 10 and 11. 
These figures, which apply to metal used in the 
manufacture of chill-stick, show that while the ef- 
fectiveness of the flux increases progressively with 
its oxidizing power there is a useful limit to the pro- 
portion of flux used with a given melt. 

It might be thought that the main effect of the 
oxidizing flux would be to reduce the amounts of 
easily oxidizable elements in the alloy, such as tin, 
zinc and phosphorus, before effecting any substantial 
hydrogen removal. However, in fact, hydrogen elimi- 
nation is successful and the loss of these metals is 
relatively small. The reason for this is probably that 
the reaction between hydrogen and cupric oxide takes 
place mainly at the flux-metal interface. The rate of 
diffusion of hydrogen to this interface is rapid whereas 
that of the metallic elements, tin, etc., is relatively 
slow. 

Furthermore, the fact that steam can readily es- 
cape from the slag means that equilibrium between 
the oxygen content of the slag and that of the metal 
is not attained until a large part of the hydrogen 
has been removed from the melt. The slag, on the 
other hand, soon becomes saturated with the oxides 
of tin, etc., and a condition of local equilibrium be- 
tween the slag and the adjacent region of the melt 
is soon reached. When this occurs, further oxidation 
of these elements is slow owing to the slow diffusion 
already mentioned. 

The main requirements of deoxidizers are: (a) a 
high affinity for oxygen, (b) that the products of the 
deoxidizing reaction should separate readily from the 
melt, preferably as a fluid slag, and (c) that excess 
of the deoxidizing element remaining in the metal 
should not adversely affect it. Among the substances 
used for deoxidation are calcium, calcium boride, cal- 
cium silicide, copper, magnesium, lithium, phosphor- 
us, manganese boride, silicon and sodium. 

Of all these phosphorus is far and away the most 
valuable since it is cheap and forms a liquid deoxi- 
dation product. The efficiency of deoxidation by 
phosphor copper is to some extent dependent on the 
grading and phosphorus content of the material. It 
has been shown that relatively large lumps are 
preferable to fine powders. It has also been estab- 
lished that it is best to add the phosphor copper in 
one unit rather than in small quantities®*. Calcium 
boride also forms a liquid deoxidation product but 
this material is relatively expensive. Its main use is 
its application to high conductivity copper where 
an excess of phosphorus in the melt has an adverse 
effect on the electrical conductivity. 

Residual phosphorus also has an undesirable effect 
on nickel alloys. With these alloys deoxidizers such 
as manganese, magnesium, lithium and boron are 
generally used. Sometimes it is economic to use phos- 
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phor copper to effect most of the deoxidation, adding 
insufficient however, to leave a residual phosphorus 
content. Final deoxidation is then produced by addi- 
tion of one of the more expensive but less harmful 
elements such as lithium. Lithium has the added 
advantage of also removing hydrogen. 


Effect of Degassing Treatments on Tensile Properties 


The beneficial effect of degassing treatments on 
the soundness and tensile properties of copper and 
copper alloy melts are too well known to require 
much emphasis but a few examples taken from the 
literature*'* are given in Table 1. See also Fig. 4. 


Assessment of Gas Content 


It is clearly desirable to know whether a given 
degassing treatment is in fact proving effective and 
it is worthwhile considering methods for assessment 
of gas contents. There are several ways in which 
this can be done. In research work fusion of a pre- 
viously solidified sample under vacuum is often re- 
sorted to, the gases evolved from the sample being 
analyzed. This technique is far too slow and expensive 
for foundry use. 

A very reliable method is the measurement of the 
density of a sand-cast sample of standard shape. From 
this is computed the porosity of the sample which is 
a measure of its gas content. This method is most 
valuable in experimental work and “trouble-shooting” 
in the foundry. It is perhaps too slow for routine 
use although a rapid modification which can be com- 
pleted in 2-3 minutes has recently been developed". 

An extremely valuable method suitable for routine 
use is the technique in which a small sample of molten 
metal is allowed to freeze under vacuum. Gas con- 
tent of the metal is assessed by observation of the 
evolution of gas bubbles during freezing or by sub- 
sequent sectioning of the frozen slug. 


GRAIN REFINEMENT 


Until lutely there were no generally applicable 
methods for grain refining copper alloys although it 
has for a long time been known that refinement can 
be produced by the addition of relatively large quan- 
tities of iron (1 per cent or more). This technique 
is made use of in many commercial compositions for 
high tensile brasses and aluminum bronzes. It is not 
recommended for gunmetals since it is liable to give 
rise to rust spots and to hard particles. 

Dennison and Tull't have obtained substantial 
grain refinement of hypereutectic aluminum bronzes 
by means of boron additions. It is thought that the 
boron forms boron carbide particles which serve as 
nuclei to facilitate the freezing of the aluminum-rich 
beta phase. This technique has a beneficial effect 
on mechanical properties. For example, increases of 
about 13 per cent in tensile strength and 46 per cent 
in elongation have been obtained using additions 
of 0.2 per cent boron. More recently the same authors 
have succeeded in producing some refinement in 
hypo-eutectic aluminum bronzes by means of additions 
of molybdenum, niobium, tungsten or vanadium". 

A few years ago Cibula'*® showed that marked 
grain refinement could be produced in a wide range 
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of bronzes and gunmetals by addition of 0.03 per 
cent zirconium together with 0.02 per cent boron, by 
boron alone or by other elements such as titanium 
and cobalt. It seems probable that in this instance 
the nuclei are the carbides and the nitrides of the 
elements added. However, Cibula found that in many 
cases grain refinement was not beneficial with cop- 
per based alloys, especially bronzes and gunmetals** 
Although the refinement reduces the total amount of 
porosity owing to better feeding it unfortunately has 
the effect of distributing the residual porosity in the 
form of layers which have a very damaging effect on 
the mechanical properties and especially on pres- 
sure-tightness. On the other hand, when normal un- 
refined gunmetals are cast at temperatures which 
are too low a sound and pressure tight skin of colum- 
nar crystals is produced. 


CONCLUSION 


In conclusion it should be emphasized that this 
review has skated very briefly over the subject of 
the chemical treatment of copper alloys. In fact, 
the details and mechanism of each type of treat- 
ment are a good deal more involved than have 
been indicated. It should also be emphasized that 
the precise treatment to be employed in any given 
case depends upon several factors including the type 
of melting unit and the fuel, the alloy being treated, 
the form of the charge, the type of casting being 
made and other factors, and that considerable experi- 
ence and “know-how” are needed if the best treat- 
ment is to be selected. 
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SIEVE RATIOS AND PROCESSING FOR STRONG MOLDING SANDS 


J. Parisi*, O. C. Nutter**, and C. Michalowski** 


ABSTRACT 


This paper presents a method for quantitatively re- 
lating the proportions of screen sizes for formulating 
molding sands. The method applied to the 4-screen 
Schumacher sand shows effective use of 91 per cent 
of the grain sizes present. The method applied to the 
typical sands given in the AFS Foundry Sand Hand- 
book also gives good correlation. Analyses of other 
published screen-size distributions are given. 

The important progress made by specific adjacent 
screen formulations of molding sands is a stimulant 
for the making of similar progress in the sand prepara- 
tion phase. Attention to little stressed details is re- 
quired, such as—1) obtaining the most efficient premix- 
ing possible before additions of temper water which 
reduces the flowability and probabilities for uniform 
distributions, and 2) application of full mixing and mull- 
ing energy uniformly to small volume increments of 
sand, clay and water. 


MOLDING SAND SCREEN-SIZE DISTRIBUTIONS 


A survey of the literature indicates that from four 
to seven adjacent screen sizes are desirable for good 
all around molding sand properties. A typically good 
sand listed in the AFS Founpry SAND HANpBOOK ( Fig. 
86), consists of 5 adjacent screen sizes, plus 2 addi- 
tional half screens—one on each end. Schumacher’s? 
4-screen sand at a GFN of 69 gives excellent charac- 
teristics. Heine® found the 4-adjacent screen sand at 
a GFN of 89 responded readily to jolt molding to 
give a strong, high hardness mold. Silk® found that 
a good casting finish with minimum expansion trou- 
bles can be obtained with 7-adjacent screens. 

The question relative to quantitative limits for a 
4-screen molding sand was presented by Mr. Schu- 
macher'. The following evaluation is considered to 
throw more light on this subject. 

Sand-packing calculations are normally done with 
spherically-shaped grains, providing a base point to 
apply deviations consistent with the actual shapes 
involved. A container filled with uniform-size spheres 
of any diameter, packed in the closest possible 
manner, has a total void volume of 26.0 per cent. De- 
pending upon the relative orientation of the layers, 
the major amount of the void volume can be present 





"President, **Chief Engineer, and ***Vice-President of 
Sales, Pekay Machine & Engineering Co., Inc., Chicago, Il. 


as continuous straight holes through the mass of 
grains, no matter how thick. 

In this case appropriately-sized rods can be inserted 
through the thickness without disturbing any of the 
spheres. There are three such holes surrounding in 
each sphere at 120° positions (Fig. 4). 

Each unit cell is formed by 6 spheres, and is rhom- 
bohedral’. There are two cell openings, one at each 
end in separate parallel planes. 

Another form of 100 per cent controlled orientation 
exists where there is no continuity of open-end cells. 
This type of void or cell is that formed by one 
sphere resting in a seat formed by 8 spheres. It is 
called tetrahedral’. The relative sizes of the largest 
spheres that will fit into the rhombo and tetra voids 
are 0.414 D and 0.224 D. There is 1 of the rhombo 
and 2 of the tetra for each large sphere. 

The above data deals only with one uniform size 
of sphere and indicates the sensitive nature of a mass 
composed of spheres. Variation in permeability can 
be expected as the dynamics of packing affect the 
relative number of closed and semi-continuous voids. 
There are six orderly packing arrangements of uniform 
spheres, ranging from cubic to rhombohedral. This pre- 
sents the possibility of formation of some of each 
within a container along with additional voids at 
discontinuities. 


RHOMBOHEDRAL AND RHOMBIC PACKING 


Rhombohedral packing is the closest packing pos- 
sible. It does not usually exist in foundry sands be- 
cause of the peculiar screen distribution required. 
One principal sphere size D will accommodate 1 
void sphere size 0.414D, and 2 void spheres size 
0.225D. The weight relationships are 91.4 per cent, 
6.45 per cent, and 2.1 per cent. Using a starting mesh 
of 50, the void spheres must come from sizes on 140 
and 270 screens. 

Two empty screens adjacent to the starting size are 
required to prevent interference with the formation 
of a rhombohedral packing. It actually can be rated 
as a one-sieve sand. This type of structure in the 
absence of water and clay films would have a low 
deformation potential from the standpoint of grain 
shifts described later in cubic system. 
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TABLE 1—SIZE RELATIONSHIPS OF STRUCTURE, KEY, SUPPORT, AND VOID BALLS FOR THREE-PACKING SYSTEMS 

















U. S. Mesh Sizes Cubic System Rhombic System Rhombo Hedral 

Mesh Mean Size Keyball Support Ball* Keyball Void Ball All Void Balls 

No. Size Range 0.732 D 0.268 D 0.414 D 0.151 D 0.414 D 0.225 D 0.17 D 
0.0469 0.03433 0.0126 0.0194 = + tl 0.0194 0.0105 0.008 

20 0.0400 0.02928 0.0107 0.0166 0.0166 0.009 0.0068 
0.0331 0.02423 0.0088 0.0137 0. 008 0.0137 0.0074 0.0056 
0.0331 0.02423 0.0088 0.0137 0.005 0.0137 0.0074 0.0056 

30 0.02815 0.02061 0.0075 0.0116 0.0042 0.0116 0.0063 0.0048 
0.0232 0.01698 0.0062 0.0096 0.0035 0.0096 0.0052 0.0039 
0.0232 0.01698 0.0062 0.0096 0.0035 0.0096 0.0052 0.0039 

40 0.0198 0.0145 0.0053 0.0082 0.003 0.0082 0.0044 0.0033 
0.0165 0.0121 0.0044 0.0068 0.0025 0.0068 0.0037 0.0028 
0.0165 0.0121 0.0044 0.0068 0.0025 0.0068 0.0037 0.0028 

50 0.0141 0.01032 0.00378 0.0058 0.0021 0.0058 0.00314 0.0024 
0.0117 0.00857 0.00314 0.00484 0.00177 0.0048 0.00262 0.0020 
0.0117 0.00857 0.00314 0.00484 0.00177 0.0048 0.00262 0.0020 

70 0.0100 0.00732 0.00268 0.00414 0.00151 0.0041 0.00224 0.0017 
0.0083 0.00607 0.0022 0.00344 0.00125 0.0034 0.00186 0.0014 
0.0083 0.00607 0.0022 0.00344 0.00125 0.00186 0.0014 

100 0.0071 0.0052 0.0019 0.00294 0.00107 0.00159 0.0012 
0.0059 0.0043 0.00158 0.00244 0.0009 0.00132 0.001 
0.0059 0.0043 0.00158 0.00244 

140 0.0050 0.00366 0.00134 0.00207 
0.0041 0.0030 0.0011 0.0017 
0.0041 0.0030 0.0017 

200 0.0035 0.00256 0.00145 
0.0029 0.00212 0.0012 
0.0029 

270 0,0025 0.0017 *NOTE: The 0.268 D Cubic cuepet ~ & for a dead center ition. This value increases to 0.276 

4 D for offset positionin, ket between cubic e balls ray also be selectively filled 

0.0021 with a pair each of 861 D. D, 5.22 D, 0.186 D, 0.167 D, and 0,15 D support balls. 

325 0.0019 . 
0.001 





The existence of a rhombic type of structure in a 
well-graded adjacent screen molding sand is also pre- 
cluded by considering the screen distributions re- 
quired for its formation. A starting mesh of 70 with 
a screen weight of 85.8 per cent requires 14.2 per 
cent of keyballs having a 0.414 D size. This translates 
into keyballs having a diameter spread of 0.00344 to 
0.00484 (Table 1). 

The 140-mesh screen sizes from 0.0041 to 0.059 can 
supply only half the size range with the largest sizes 
on the 14 mesh providing interference with close 
packing. Use of 200 mesh ranging from 0.0029 to 
0.0041 supplies only the lower half of the size range 
of keyballs. This leaves the balance of the 70-mesh 
balls in a state of looseness, and intermediate types 
of structure may be formed. Forgetting interference, 
a 70-mesh rhombic structure requires a screen distribu- 
tion of 86 per cent on 70, 0 per cent on 100, 7 per 
cent on 140, and 7 per cent on 200. 


CUBIC PACKING 


The subsequent evaluations of the four and more 
adjacent screen sands are done simply on an imper- 
fect cubic basis. Rhombohedral and rhombic packings 
are improbable in foundry sand distributions. 

A structure of greater interest is the body-centered 
cubic as presented by C. E. Wenninger*®. The desired 
sand from the evaluation presented would be a two- 
screen sand with 71.8 per cent on the first sieve, and 
28.2 per cent on the adjacent sieve. This forms a 
cubical arrangement of large spheres having smaller 
spheres included in their central void to key or lock 
their position. Due to practical limitations of obtaining 
two uniform adjacent screen sizes, a four-screen sand 
was chosen with the overall probability that 70 per 
cent of total grains would tend to behave as cube 
grains and 30 per cent as key grains. 





A cubically-arranged sand consisting of 71.8 per 
cent uniform cube balls and 28.2 per cent key balls is 
conductive to high compressive strength, low defor- 
mation, and high expansion. This is due to continuity 
of large uniform grains in the three axial directions. 
A stronger sand will result by the addition of a 
third grain size such that it would make a dead cen- 
ter contact between the keyballs (Fig. 1) and pro- 
duce an additional continuous sand network. Under 
this condition a compressive stress in an axial direc- 
tion would be supported even if the cube balls were 
to be removed. 
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Fig. 1—Unit cube of eight whole D spheres, and the equiva- 
lent of eight d spheres. 
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TABLE 2 — COMPOUND CUBICAL VOLUME RELATIONSHIPS OF VARIOUS MOLDING SANDS 




















Cube Schumacher! AFS?High AFS? Controllable AFS? Good National General 
Ball 4 Screen Expansion High-Expansion Sand-Fig. 86 Malleable Stee 
“Fool Proof” _ Sand-Fig. 82_ Sand-Fig. 83 and Steel Castings* 
Mesh Parts % Parts % Parts % Parts % Parts % Parts % 
Size Vol. Vol. Vol. Vol. Vol. Vol. Vol. Vol. Vol. Vol. Vol. Vol. 
20 ne * Sead 1.53 41.2 wera aes ee ra vas 
30 var rece 1.00 27.0 Ra eae ag 1.0 75 ae 1.0 18.7 
40 ae ane 1.18° 31.9° 1.0 27.5 1.65 12.35 1.0 14.0 1.0 18.7 
50 1.0 15.4 eas eg. 2.64 72.5 3.4 25.5 4.34 62.0 1.52 28.5 
70 2.86 44.0 teat ade 5.18 9 1.65 23.6 1.82 34.0 
100 2.63 40.5 2.1 15.7 ent 





*The 40 Mesh Cubes There are no support 
are short 40% of balls present. reen 
keyball sizes. Other strength requires con- 
structures possible. siderable clay. 


NOTES: Some of the sands appear to be formulated by the compound cubical relationship. Except as noted in remarks, the major complement of support 
balls is present. Shortages occur in smallest cube sizes requiring 200 mesh and smaller material. 
It is indicated that lowest expansion sands should have less than a 20% volume of starting cube ball mesh size. 





The cavity between keyballs is not equiaxed. A 
dead center support ball can roll over into any one 






































TABLE 3 — RELATIVE MESH-CUBE VOLUMES of the four corners. In this location, the diameter of 
hak ‘Mien ie ane Volume and Weight the support ball can be increased by 3 per cent. The 
— ee oS ee Hats Ghtecen Heenes presence of this larger offset support ball will add 
20 +0040 +4008 #512 10  — to the compressive strength to a lesser degree by the 
30 0.0281 0.0563 178 0.347 1.0 ; ; 
40 0.0198 0.0396 62.1 0.349 1.0 reduced vertical component of the angled compressive 
70 0.0100 0.030, 8.0 0381 0357 1.0 force through the support ball. 

Gy es Mo Oy 14. A horizontally or laterally spreading force compo- 
nent is also produced. However, no spreading or de- 
formation of the sand mass within itself can occur 
if the cube balls are of uniform diameter. Shifting of 
cube balls can occur without external volume change 
if the cubes are imperfectly formed from various diam- 
eters (Fig. 3). This is because there are some free 
to move within their own corner confines. Internal 
compaction is then possible to counteract heat ex- 

~ ——— pansion stresses. 

y The unequal axes of the pocket between keyballs 
is a container or confine for a multiplicity of arrange- 
ments of smaller sized grains. These can give large 
or small lateral force components. By an orderly in- 

3 sertion of various sizes, a series of 10 grains may be 
_ 3 placed without interference to the proper seating of 

\ anil the next keyball. If a medium-sized grain of the series 
is introduced first, only seven or less of the series 
can be placed in the pocket. 

This location is one of the places where a small 
i 0770 amount of fines can exert a considerable effect on 
sand properties. This depends upon the state of im- 


perfection of the principal cubic lattice. 


Fig. 2—Determination of tetrahedral void ball in rhombohe- 
dral arrangement. FOOL-PROOF SAND 

The excellent data presented by J. S. Schumacher! 
is of much interest. The sand cannot be over rammed, 
and at a high hardness of 92 still accommodates ex- 
pansions preventing related defects. Assignment of 
an overall cubic-type structure to sand formulated 
from adjacent screens has been done in a negative 
way by elimination of others. 

Cubic-type structure is considered to mean an ar- 


yo s Po ye rangement of 8 cube balls of various sizes where 
Sameeitas dite only relatively small inclinations of the faces formed 
grains. by three of the four balls occurs. The presence of 


under-size keyballs in a central cavity will permit 
offsets to occur. 

A cubical calculation of the 4-sieve sand reported 
by Schumacher' was done, using the mean-sieve di- 
ameters listed in Table 1, and the mesh cube volumes 
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given in Table 8. Figure 1 shows that a cube formed 
from 8 mean diameter spheres of a starting mesh will 
enclose 8 mean diameter spheres from an adjacent 
smaller mesh. This represents a 1 mesh cube volume 
of each. The relative volumes of the mean cubes is 
also the weight relationship. The balance of the ma- 
terial on the first adjacent screen, not required for 
keyballs of the first, is used as cube-balls in relation 
to the next screen. 

This is repeated, and the excess or unbalanced 
amounts of sizes can then be found for evaluation. 
The next calculation is to determine if the proper 
sizes and amounts of support balls are available to 
give some degree of continuity to the space between 
keyballs. Calculation of the Schumacher! 4-screen 
sand is in Table 4. 

All of the 50 mesh sand is used as cube balls en- 
closing 35.7 per cent of its 70 mesh-screen weight. 
The amount of 70 mesh available for formation of 
cubes is then 32.81 per cent-3.63 per cent, or 29.18 
per cent. This in turn will enclose 0.357 per cent x 
29.18 per cent, or 10.42 per cent of the 100 mesh. 
The balance of the 100 mesh (26.86 per cent) avail- 
able for cube formation will enclose 9.5 per cent of 
140 mesh. This leaves a temporary surplus of 2.3 per 
cent of the 140 mesh. 

To convert the above calculations to a relative 
volume basis it is only necessary to deal with weights. 
The weight and volume summary of the 50, 70 and 
100 mesh cubes omitting all keyballs since they do 
not change the volume is in Table 5. 

This shows that a good material balance is present 
for forming a compound or tri-cubic structure sand. 


ESTIMATION OF SUPPORT BALLS 


Estimation of support balls is done for two condi- 
tions. One using a single support ball in the non- 
equiaxed cavity between keyballs, and the other on 
the multiple packing of four slightly smaller support 
balls. 

Condition one represents the minimum amount of 
fines that can give a high-strength structure which 
will convert with use to and through the second 
condition as grain fractures occur. The second condi- 
tion is more representative of original screen sizes 
present in molding sands. The total relative weights 
(Table 7) are 1.93 per cent and 5.66 per cent of 
cube mesh size. The multiple packing will always 
have both lateral and vertical force components pres- 
ent under a compressive load. 

Using single support balls at 0.268D, the 50 mesh 
cubes require a size range of 0.00314 to 0.0044 
(Table 1). Approximately 85 per cent of this size 
comes from 200 mesh of 0.0029-0041 size. The balance 
of 15 per cent comes from the smaller end of 14 
mesh, size 0.0041-0059. 

The total amount required is only 1.9 per cent of 
the 10.2 per cent of 50 mesh, or 0.19 per cent. This 
consists of 0.03 per cent of 140 mesh, and 0.16 per 
cent of 200 mesh. 

The 70-mesh cubes require support balls ranging 
from 0.0022 to 0.00314; 270 mesh. Most of this is 
supplied by 0.0021-0.0029 with a small amount of 
200 mesh required. Total weight needed is 0.56 per 
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TABLE 4— SCHUMACHER 60 PER CENT LAKE — 
40 PER CENT BANK SAND 





Mesh 20 30 40 50 70 100 140 200 270 Pan 
Retained 0.08 0.41-+1.43 10.20 32.81 37.28 11.80 4.42 0.76 0.83 





TABLE 5 — WEIGHTS AND VOLUME 








Mesh % by 
cubes volume 
50 10.2 =100= 15.4 
70 29.18 = 2.86 = 44.0 
100 26.86 = 2.63 = 40.5 
6.4 








Fig. 4—Rhombohedral packing showing continuous rhombohe- 
dral voids resulting from the third row placed or oriented 
the same as the first row. 
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Fig. .5—Determination of large rhombohedral. Void sphere size 
(void spheres do not position structure spheres as do key 
spheres) and two combinations of filler size. 


TABLE 6 — RELATIVE VOLUMES VARIOUS SUPPORT 
BALLS 











Support Balls 

Cube Ball Dead Center Multiple 
Diam D 0.268D 0.261D 0.22D 
Volume 1 0.0193 0.0177 0.01064 
Number 1 1 0 0 
Number 1 0 2 2 
W % 100 1.93 0 0 

100 0 3.54 2.13 
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Molding Sands Sieve Ratio 


Fig. 6 — Continuous conveyor belt 
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cent consisting of 0.12 per cent of 200 mesh, and 
0.442 per cent of 370 mesh. 

The 100 mesh cubes requiring support balls of 0.- 
00158 to 0.0022 need approximately 0.41 per cent 
consisting of 0.06 per cent of 270 mesh and 0.35 
per cent of 325 mesh. 

The total amount of material required for support 
balls is 0.03 per cent of 140, 0.28 per cent of 200, 
0.5 per cent of 270, and 0.352 per cent of 325. Suffi- 
cient material is available for this requirement, as 
there is 2.3 per cent of 140, 4.42 per cent of 200, 
0.76 per cent of 270, and 0.80 per cent of pan. This 
can be assumed to contain the 0.35 per cent of the 
325 mesh required. 

Surplus material over and above that used for for- 
mation of the triple set of three component cubes is 
6.86 per cent, consisting of 2.27 per cent of 140 
mesh, 4.14 per cent of 200 mesh, and 0.45 per cent 
pan. Effective use of 91 per cent of the mass is 
indicated on this basis. 

Use of the multiple set of four support balls in the 
amount shown in Table 7 gives a combined require- 
ment of 0.46 per cent of 140, 0.10 per cent of 200, 
1.34 per cent of 270, and 1.54 per cent of 325 mesh. 
The available material is 2.3 per cent of 140, 4.42 
per cent of 200, 0.76 per cent of 270, and 0.80 per 
cent pan. 

The shortages consist of 0.6 per cent of 270, and 
at least 0.75 per cent of 325 mesh. This is assuming 
that all of pan material is equivalent to 325 mesh. 
These shortages can be expected to be overcome 
with use of the molding sand, and are probably re- 
lated to the initial break-in period required before 
all of the desirable properties are developed in the 
Schumacher 4-screen sand?. 


CONCLUSION 


Cubical calculations of several other published sand- 
screen analyses were made and are shown in Table 2. 


TABLE 7 — PER CENT SCREEN WEIGHT OF 1 CENTRAL 





Le] 


The data is limited. However, it indicates that for 
high-strength, low-expansion, sands compounded cubi- 
cally from adjacent screens the potential volume per- 
centage of the first or largest cube size should be 


less than 20 per cent. 


Mixing and Uniformity 

The improved casting quality, and yields obtained 
by careful selections of base-sand grain size propor- 
tions, serves to emphasize the requirements of sand 
preparation and handling systems for maintenance of 
this high performance level. Base sands formulated 
from balanced adjacent screens will have a minimum 
tendency to segregate during handling dynamics. 
Thorough mixing is required to obtain random dis- 
tribution of sizes to permit early formation of a maxi- 
mum volume of ordered packing during molding. 

Basically, sand preparation consists of two separate 
phases, 1) mixing, and 2) mulling. 


Mixing 

The objective of mixing is to thoroughly distribute 
all ingredients so that any volume increment of the 
mass will have the proper proportions of sand grain 
sizes, clay, water, etc. This mixing objective is best 
obtained in two steps, the first being to pre-mix all 
ingredients at a low moisture level when the mixture 
has a high flowability as compared to the tempered 
condition. 

Sayer and Marek! show that water alone will 
cause two or more grains to become positioned to- 
gether through molecular friction and surface tension 
forces. This condition, at temper, hinders random dis- 
tribution. It is overcome by the addition and mixing 
of temper water in a second mixing stage. The thor- 
ough distribution of clays prior to addition of temper 
water will promote the formation of more uniform 
clay films on grains. This is done by utilizing the 
molecular carrying forces associated with the water. 


TABLE 8 — PER CENT SCREEN WEIGHT OF A SUPPORT 
UNIT CONSISTING OF A PAIR EACH OF 0.261 D AND 











SUPPORT BALL (0.268D) FOR 50-70-100 MESH CUBES 0.22 D BALLS 
Total Total 
Mesh Support Ball Mesh % Mesh Support Ball Mesh % 
Cube 140 200 270 325 Cube 140 200 270 325 
50 0.32 1.6 Oe ee 1.93 50 4.6 1.06 A shea oe 5.66 
70 aN 0.38 1.55 Gass 1.93 70 > ota Ay ede 46 1.06 5.66 
100 See 5 ae 0.23 1.31 1.54 100 vcnia ee eee 4.6 Max 4.60 
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Variable heavy to light clay concentrations present 
when temper water is added can produce a similar 
variation in clay films on the grains. This will happen 
unless thorough unrestricted mixing follows a condi- 
tion of this kind. 


Mulling 


After semi-dry pre-mixing of ingredients, followed 
by mixing in temper water, mulling is required to 
produce continuous clay films around grains that are 
not readily wet by water. The sliding and rolling 
action of the grains during mulling promotes removal 
of these unwettable films. This permits formation of 
a molecularly tight thin clay coating. The formation 
of uniform clay coatings beyond the thin base-film 
thickness is subject to variable local pressures. This 
is because plastic flow will occur between contacts. 


H. W. Meyer"! determined that medium to thinly 
uniformly clay-coated grains are required. The im- 
possibility of having all sand grains coated alike 
was mentioned. This highlights one of the points 
where improved sand preparation can be of benefit. 

Under ideal conditions, the mulling energy re- 
quired should be consumed on a volumetrically uni- 
form basis. Then any volume increment such as 1 cu 
in. taken from any location will have its proportionate 
share of the total-consumed energy. Use of full width 
mulling wheels is considered a major development 
for obtaining this objective. 


Molding Sand Preparation 


Following are the authors’ opinions for improving 
molding sand preparation. 

A continuous belt type mixer muller (Fig. 6), as 
shown by Dietert Fig. 30; °, has the necessary flexibil- 
ity to apply the ideal mixing and mulling principles. 
The material is fed onto the belt in layers to suit 
the desired proportions. Pre-mixing is done rapidly 
with all of the material receiving the same uniform 
action. The time required for mixing is not a factor. 
There is only a small volume or batch increment pres- 
ent, which is slid off by one mixer blade. The pro- 
portioned layers reduce the mixer duty requirement, 
and permit uniform treatment at a large tonnage rate. 

Water and/or slurry additions are made with high 
velocity sprays across the sand width. This is fol- 
lowed by a second mixing station. This distributes 
the water prior to compaction by the first mulling 
wheel. This wheel, which may be variably weighted 
to correlate with green strengths and shear move- 
ments, is full width. All of the material volume is 
treated. The speed of the muller wheel is approxi- 
mately 20 per cent faster than the belt speed. Slide 
movements of grains over and above that occurring 
by normal compressive shears are increased. 

Repetitive mixing and mulling stations are used 
to suit belt speeds, tonnages, and molding sand spe- 
cifications. The exit station is a mixing unit to aerate 


the sand for good flowability and high permeability. 
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Clay films that are not uniform because of pres- 
sured areas during prior compaction are given the 
freedom to spread back into the deficient localities. 


SUMMARY AND CONCLUSIONS 


1. Suitably balanced adjacent screen distributions 
of grain sizes prevents the formation of either 
rhombohedral or rhombic types of packing. 

2. Typically good sands show a repetitive pattern 
of cubes formed from the mean sizes of adjacent 
screens. 

3. Strong cubically-compounded structures require 
three grain sizes for each cube size present to 
form a supplementary continuous sand network 
parallel to the cube grain axes. 

4. The exceptionally good propertied Schumacher 
4-sieve sand shows 91 per cent of the mass to 
be tri-cubic structure, with each cube composed 
of at least 3 grain sizes. 

5. High strength low-expansion sands compounded 
cubically from adjacent screens should have less 
than a 20 per cent volume of the largest cube 
size. 

6. A parallel type of progress for sand preparation 
is to separate the mixing and mulling phases so 
greater efficiency and effectiveness can be ob- 


tained. 
7. Mixing for greatest effectiveness should be done 


in two stages. First—pre-mixing in a semi-dry 
flowable condition, and second—mixing for uni- 
form distribution of temper water and formation 
of clay films. 

8. The application of full mixing and mulling ener- 
gies to small successive volume increments per- 
mits a high degree of uniformity. 
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AN IMPROVED DESIGN FOR 
CAST TENSILE BAR MOLDS 


By 


Maurice Karnowsky* 


ABSTRACT 


A commonly-used tensile bar mold design covered 
in Federal Test Method Standard Number 151 (former- 
ly QQ-M-151) was examined for flow characteristics by 
pouring water in a lucite replica of a sand mold. 

The experiment indicated that the design promoted 
turbulence from a number of sources: 

1. Trapped air at the chokes. 

2. The unfilled runners. 

3. The comingling (co-mingling) of the incoming met- 
al stream with that returning from the end of the 
runner. 

4. Unequal pressure buildup resulting in unequal 
filling of the tensile bar cavities. 

Principles of gating design as developed by East- 
wood and others, under AFS sponsorship, were applied 
to this design and executed in lucite for the mitigation 
of these four problems. 

For this double gated mold the changes embody in- 
corporation of the following principles. 

1. The 1-6 ratio of sprue base area to total runner. 
Large radii at any change of direction. 

In multiple in-gates, each area to be its fraction 
of runner area. 

The runner cross sectional area was reduced suc- 
cessively by amounts equal to the in-gate area. 


2. 
3. 
4. 





*Radiography and Materials Properties Section, Sandia 
Corp., Albuquerque, N. M. 





Fig. 1—Tensile bar casting as per Federal Test Method Stand- 


ard No. 151. Hats on tensile bar, riser, and pouring basin 
are not specified. The risers (modified) have been removed. 


284 


5. A five per cent increase in runners and in-gates 

for frictional losses at each change of section. 

6. All runners are in the drag and in-gates in the 

cope where possible. 

Measurements of the flow from each tensile cavity, 
slides, and a film show the inadequacies in the QQ- 
M-151 mold and their amelioration in the improved 
mold design. 


EVALUATION BASIS 


Cast tensile bars are widely used as a basis for 
evaluating the quality of aluminum melts. The valid- 
ity of such evaluation depends upon the assumption 
that cast tensile bars accurately reflect the quality 
of the pour. Observations made in the author’s com- 
pany threw considerable doubt on this basic assump- 
tion. This led to the design of an improved mold for 
cast tensile bars. 

Since the making of cast tensile bars is a repetitive 
operation, the molds used are generally thought to 
embody ideal design principles not always attainable 
in the mold used for the regular pour. As a result, 
the properties of the bars are expected to excel 
those of the rest of the pour. Observations made at 
the author’s company, with one of the tensile bar 
mold designs suggested by Federal Specification QQ- 
M-151 and later by Federal Test Method Standard 
No. 151, dated July 17, 1956, revealed the following 
conditions: 

1. Although the tensile bar fracture showed dross, 
X-ray films rarely indicated dross in the casting 
poured concomitantly. 

2. Shear strength and tensile strength among the 
three bars varied as much as ten per cent. 

Films of water trials in lucite molds, made by Bat- 
telle Memorial Institute with funds from the AFS, 
suggested a method of studying the problem. The 
tensile bar cavity suggested by QQ-M-151 was dupli- 
cated in lucite. This was so that observations of water 
trials could be made to learn how the design of the 
mold might contribute to the production of turbulence 
and dross. 

The mold replica (Fig. 1) corresponds to Fig. 6, 
Method 211, Federal Test Method Standard No. 151, 
July 17, 1956. The pouring basin is not specified. The 
recommended sprue and pouring basin were not used 
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Fig. 2—Cope assembly of FHM No. 151 bar showing jams 
which hang from the cope. 


in the lucite replica because of the difficulty of keep- 
ing the sprue filled. The cope and drag sections of 
the replica were machined from acrylic resin. 

The gage lengths of the tensile bar cavity were 
cut through so the volume of flow through each cavity 
could be measured. Details of the cope assembly 
with dams are shown in Fig. 2. The drag assembly 
is shown in Fig. 3. The entire test assembly with 
leveling stand, drains for each cavity, drag, cope, 
sprue, and stoppered pouring basin is shown in Fig. 4. 

A series of water trials made with the lucite replica 
resulted in the following observations. Some portion 
of the column of air trapped between the water 
falling through the sprue and the bottom of the well 
swirled in the well as small bubbles. Some of the 
bubbles spilled out to the dams where the rolling 
action of the water carried them on into the runners. 
Figure 5 illustrates this accumulation of bubbles in 
the runners at the end of 5 sec. 

Observation of the flow of water in the runners 
showed they are never filled above the parting line. 
The water flows from the sprue to the far end of the 
runners, and backs into the bar cavity farthest from 
the sprue. The middle, and then the closest cavities 
are filled, successively. At the dams, turbulence was 
noted at two points in the runners: first, at the far 
end of the runners where the flow is stopped and 
reversed; second, at the entrance of the far tensile 
cavity where fluid backing away from the end of the 
runner and entering the cavity intersects the flow 
from the sprue. 

The flow from each of the cavities was measured 
with the results shown in Table I. The consistency 
of the flow percentages indicates that there is a pres- 
sure gradient as a result of the runner design. 


SUMMARY 


Observation of the lucite model of the QQ-M-151 
bar mold design showed the following: 

1. Air bubbles clean up slowly in the well. 

2. Turbulence is induced by the chokes or dams. 

8. The runners are never full, offering opportunity 
for bubbles to be entrapped by the flow. 

4. The design of the runners induces turbulence at 
two points. 
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Fig. 3—Drag assembly of FTM No. 151 bar mold. 


5. Fluid flow is unequal in the three cavities. 

Since the turbulence in the runners, and the irregu- 
larity with which air escapes from the mold, could 
account for variations in the dross characteristics of 
the tensile bars produced from such a design, an 
attempt to construct an improved. mold was made. 
Runner design has been studied by a number. of 
investigators. The following principles, developed by 
Eastwood', were used in this attempt: 

1. Large radii should be used for direction changes. 

2. Runners should be in the drag and ingates in 

the cope when possible. 


1S$yMPOSIUM ON PrinicPLes or Gatinc, AFS, Chicago, 1951. “Tenta- 
tive Design of Horizontal Gating Systems for Light Alloys,” p. 29. 


TABLE 1 — PERCENTAGE FLOW IN EACH CAVITY 








Duration of Near Middle Far Flow rate, 
flow, sec cavity, % cavity, Yo cavity, % cc/sec 

6 25.6 33.4 41.0 110 
12 23.7 83.0 43.3 161 
18 25.0 $2.2 42.8 152 
24 25.0 33.5 41.5 163 
24 26.1 $2.5 41.4 150 
30 25.6 $2.7 41.7 153 
48 25.5 $2.5 42.0 155 
60 24.5 31.8 43.7 181 











Fig. 4—Entire assembly with stand, individual drains, cope, 
drag, sprue, and stoppered pouring basin. 
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Fig. 5—Above—The accumulation of air at the jams at 5 sec is 


shown in the FTM No. 151 bar mold. 


Fig. 8—Right—Entire improved mold assembly showing pour- 
ing basin, sprue, cope, drag, and individual drains. 


























Fig. 6—Sketch of improved tensile 




















Configuration of tensile 
bar not shown 
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Fig. 7—Revised tensile bar mold 
following Eastwood principles us- 
ing 2-in. radii and system for de- 
creasing runner area after passing 
in-gates. 
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3. The total cross sectional area of the runners in a 
two-runner system should equal 6 times the bot- 
tom area of the sprue. (In a single runner system, 
the runner area should equal four times the area 
of the sprue. ) 

4. In a multiple-gate system, each in-gate area 
should be equal to its fraction of the runner. 
For example, if there are three in-gates in a 
single-runner system, each in-gate should have 
an area 4/3 the sprue area. 

5. As each gate is passed, the cross-sectional area 
of the runner should be reduced by an amount 
equal to the area of the in-gate. 

6. Five per cent should be added to the in-gate di- 
mensions for each reduction in the cross-sectional 
area of the runner to compensate for increased 
friction. 

These principles were applied to the conventional 
test bar mold. The new configuration is shown in Fig. 
6, 7, and 8. 

The author’s foundry makes use of tapered sprues, 
3/4-in. square at the top and 3/8-in. square at the 
bottom. These dimensions determine that in a two- 
runner system the cross-sectional area of each runner 
should be: 3 x 3/8 x 3/8-in. = 27/64 sq in. 

Assuming a runner width of 3/4-in., the depth of 
the runner becomes 9/16-in. The well diameter is 
2-1/2 x the width, or 1-7/8-in. The recommended 
well depth is equal to the runner depth. At each 
side of the well, dams were placed in the drag to 
reduce the area by one-half. The dams are 2-1/2 times 
as long as the runner is wide and are smoothly con- 
toured. 

Beyond the first in-gate, the area of the runner is 
reduced by the area of the in-gate or in this case 
by the sprue base area. At this point, the runner area 
is: A = 1.05 x (27/64 — (3/8)") = 0.294 sq in., yield- 
ing a depth of 0.392 in. The area of the in-gate for 
the second cavity is 1.05 times that of the previous in- 
gate area. Between the second and third in-gates, the 
runner area equals 1.05 x (0.294 — 9/64) or 0.161 sq in. 
Since the width is kept constant at 3/4-in., the depth 
is 0.214 in. The runner was extended beyond the third 
in-gate to provide a dross trap, and a volume in which 
to dissipate some of the kinetic energy of metal in 
motion. 

The flow from the mold of this design is tabulated 
in Table 2. 

Table 2 indicates that flow uniformity has been 
improved. Figure 9 shows the comparative perform- 
ance of the two molds. Observations of the mold 
with water flowing showed nonturbulent flow in the 
channels. 

The tests described above were made with water. 
Because of the differences in gravity and viscosity 
between water and aluminum, the relationship be- 
tween water trials and the actual behavior of alumi- 
num remained in question. Some work was done 
on this problem. 

E. V. Polyak and S. V. Sergiev reported in Comptes 
Rendes Du Academe of Science USSR 30, 137-9, 1941, 
on work in which viscosities of two molten aluminum 
alloys were measured at various temperatures. At 
1350 F, which is close to the usual temperature at 
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Fig. 9—Comparative performance for each of the two molds. 
Nearly uniform flow is from the improved bar. — 


TABLE 2—PER CENT OF FLOW THROUGH CAVITIES 








Duration of Near Middle Far Flow rate, 
flow, sec cavity, Yo cavity, % _cavity,% _—_—cc/sec_ 

6 31.8 37.0 33.3 112 

12 29.4 36.0 34.5 136 

18 31.6 35.2 33.2 136 

24 31.7 35.1 33.0 141 

30 81.4 34.8 33.8 157 

36 $2.4 34.2 83.5 156 

48 31.3 35.8 32.8 156 

60 32.7 35.5 $2.0 159 





TABLE 3—FLOW THROUGH CAVITIES IN BOTH 
MOLDS USING GLYCERINE SOLUTION 











Old mold New mold 
%o % 
Near cavity 25.3 32.6 
Middle cavity 33.9 35.1 
Far cavity 40.8 32.4 





which tensile bars are poured, they measured the 
viscosity of 12 per cent silicon alloy at 2.1 centipoise. 
This viscosity is the same as that of a 31 per cent 
glycerine solution. 

Trials were made in both molds with the glycerine 
solution. The results are tabulated in Table 3. 


It is believed that redesign of the tensile bar mold 

design can be said to have achieved the following: 

1. Turbulence caused by the dams has been re- 
lieved. 

2. Turbulence caused by the runner design is re- 

duced. 

3. Unfilled runners permitting oxidation of the met- 

al have been eliminated. 

4. Nearly equal filling of the cavities from each of 

the in-gates has been accomplished. 

These improvements were achieved by reducing 
the runner after each ingate and using large radii 
for every direction change. The validity of the water 
trials was in part validated by tests run with the 
glycerine solution. 








THE EFFECT OF SOME GASES ON THE WORK 
OF ADHESION BETWEEN A NOVOLAK AND QUARTZ 


By 


Denis W. G. White* and Howard F. Taylor** 


INTRODUCTION 


A shell mold is fabricated from a refractory metal 
oxide in particulate form, usually silica sand, bonded 
with a thermosetting phenolformaldehyde resin. The 
sand and the resin are intimately mixed before the 
aggregate is discharged onto a pattern; but in order 
to produce satisfactory structural rigidity in the mold 
or shell, it is necessary to apply heat. When heat is 
applied the resin polymerizes or sets up. 

Until the resin has substantially polymerized it is 
chemically reactive, especially when it is hot. The 
hot fluid resin contains many chemically-unsaturated 
bonds which, when the resin is polymerized will be 
cross linked one with another but which, until the 
resin has polymerized, will be available for reaction 
with any other chemically-reactive substances which 
may be present. Any such extraneous chemical reac- 
tions will degrade the resin, that is, they will inter- 
fere with the proper course of polymerization. Chang- 
es in the polymerization behavior of the resin can be 
expected to lead to changes in the bond strength 
between the resin and the granular metal oxide. 

When a shell mold is made, four gases are common- 
ly present in appreciable quantities: nitrogen, oxygen 
the water vapor as the principal constituents of air; 
and ammonia released by the breakdown of hexa- 
methylenetetramine (the hardening agent) during 
polymerization of the resin. These gases may react 
with the resin and affect the bond strength between 
the resin and the particulate refractory. 

Furthermore, in a very general way, it is possible 
to predict that the four gases may be adsorbed on the 
resin and/or absorbed by the resin, and that they are 
apt to be adsorbed on the surfaces of the particulate 


* Formerly graduate student at Massachusetts Institute of 
Technology, Cambridge, Massachusetts, now with Depart- 
ment of Mines and Technical Surveys, Ottawa, Ontario, 
Canada. 


** Professor, Massachusetts Institute of Technology, Cam- 
bridge, Massachusetts. 
Based on a thesis presented by Denis W. G. White in 
partial fulfillment of the requirements for the degree of 
Doctor of Science at the Massachusetts Institute of Tech- 
nology, Cambridge, Massachusetts. 
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metal oxide. All these effects are likely to influence 
the strength of bonding. 

Hence, the work reported herein was undertaken 
to study quantitatively, the individual effect of nitro- 
gen, oxygen, water vapor and ammonia on the bond 
strength between phenolformaldehyde resin and a re- 
fractory metal oxide. 


The Work of Adhesion 


Probably the most obvious experimental method 
with which to investigate the effect of gases on the ad- 
hesion or bond strength between an adhesive, for ex- 
ample resin, and a solid, is the tensile test. Certainly 
the results of such tests should indicate immediately 
whether this or that gas increased or decreased the 
strength of a bond compared say, with the effects of 
another gas. 

For engineering purposes this might be all the in- 
formation required, but for a better understanding of 
the mechanisms leading to changes in bond strength, 
it would be useful to know whether these changes 
occurred principally through, 1) an interaction be- 
tween a gas and the adhesive (resin), and the nature 
of this interaction, 2) an interaction between a gas 
and the solid (silica sand), and the nature of this in- 
teraction. Unforcunately, the data from tensile tests 
do not readily permit a separation of these possible 
interactions, and a more fundamental approach to 
the problem of determining the effect of gases on 
bond strength was considered to be desirable. 


Effects of Gases 


For the study of the effects of gases on the strength 
of a bond, the thermodynamic concept of the work 
of adhesion is a useful semi-analytical device by which 
the influence of a gas on the adhesive, in terms of 
surface tension changes of the adhesive, is separated 
from the effects of the gas on the solid. The work of 
adhesion of two substances is the theoretical work 
required to separate them. If the two substances are 
regarded as a liquid and a solid, then the work of 
adhesion may be defined as the energy change in- 
volved in replacing one square centimeter of liquid- 
solid interface by one square centimeter of liquid and 
of solid covered with at least a monomolecular layer 
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of adsorbed liquid. Formally, this process may be 
represented by the following equation: 


Wa = Y¥sv + Ytv — Ysu 
where: 


Ysv = the surface tension of the solid in 
equilibrium with the vapor of the 
liquid (dynes/ centimeter) 

Yiv = the surface tension of the liquid in 
equilibrium with its vapor (dynes/ 
centimeter). 

Ys. = the interfacial energy at the solid-liq- 
uid interface (dynes/centimeter). 


It is not possible experimentally to determine either 
Ysv Or Ysx individually, although for certain systems 
the difference between these two quantities may be 
obtained by exacting methods. Fortunately, another 
approach to the evaluation of W, is available. As 
Fig. la indicates, a force balance around the line of 
contact between a droplet of liquid freely resting on 
the horizontal surface of a solid indicates that an 
equilibrium contact angle will be achieved when: 


Yst + Yrv cos 6 = Ysy 


where: 
@ = the contact angle between the liquid drop 
and the horizontal solid surface (degrees). 
Hence, yry cos 8 may be substituted for the differ- 
ence quantity ysy — Ysr in the formal equation for W, 
giving 


Wa = yrv (1 + cos @) (1) 


Harkins has defined the work of adhesion some- 
what differently as the energy change associated with 
the separation of one square centimeter of solid-liquid 
interface to produce one square centimeter each of 
liquid and of clean solid.1* Thus defined, the work 
of adhesion must be formally written as: 


W's = ¥s + Yuu — Yost 
where: 

Ys = the surface tension of the clean solid 
(dynes/centimeter) for example, as in a 
good vacuum. 

and yy and ygsr remain as previously defined. 


It is convenient to rewrite the expression for W's, 
in the following way: 


Ww, = (Ys ig Ysv) + Ysv + Ytv — Ysu 


Now the substitution made in deriving equation 
(1) may be used again to give 


W’s = (¥s — Ysv) + Yev (1 + cos 6) (2) 


The term (ys — ysv) is the surface free energy 
lowering of the solid due to adsorption of vapor from 
the liquid and/or surface migration of the liquid. It 
is by no means negligible in magnitude when com- 
pared with the second term. Indeed Harkins! offers 
some illuminating evidence on this point to show that 
the two terms are numerically of the same order of 
magnitude. 


W's ~= 2W, 


Hence 
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Fig. la — A sessile drop in terms of its surface tension forces. 
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Fig. 1b — The geemetrical parameters describing the shape of 
a sessile drop. 


However, because equation (1) describes a process 
which involves approximately half as much work as 
the process described by equation (2), then it is 
reasonable to expect that a bond will fail in a manner 
more closely related to the former process than to 
the latter. This argument may be restated in other 
terms,® as follows: “. . . since it is physically im- 
possible to separate a solid and liquid without leaving 
the solid covered with at least a monolayer in equi- 
librium with the vapor of the bulk liquid, it is con- 
venient to define the work for such a process... .” 
by equation (1). 

The work of adhesion is usually expressed in the 
units of dynes/centimeter. These units are the dimen- 
sional equivalent of ergs/centimeter, which express 
the concept of work per unit area. Moreover this 
work is reversible in the thermodynamic sense. Here, 
the work is the integral of force times distance, where 
the force is the attraction between the solid and the 
liquid, and the distance, the corresponding separation 
of the two substances. As measures by a tensile test, 
the strength of a bond is expressed in units of force 
per unit area and this force is irreversible. However, 
the breaking strength of a bond is probably related 
to the maximum force of attraction between the solid 
and the liquid. Hence a correlation between work of 
adhesion and tensile strength is to be expected only 
if the area under the force-distance curve varies in 
approximately the same way as the maximum height 
of the curve. 

Lurie* studied the adhesion of polyisobutylene (a 
tacky adhesive) to eleven different metals and alloys 
and as a result was able to state that “a definite trend 
of an increasing work of adhesion . . . . with an in- 
creasing interfacial force . . . was found for the 
(eleven) metal surfaces”. 

In the present work, a disc cut from a single crys- 
tal of quartz was used as a solid representative of 
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Fig. 2 — Schematic plan of apparatus. 




















silica sand. This quartz disc had one well polished 
face in the (01.1) crystallographic plane, parallel to 
the major rhombohedral face of a natural crystal. With 
this disc or plaque, the effects of nitrogen, oxygen, 
water vapor and ammonia on the adhesion of phenol- 
formaldehyde resin were studied by use of the work 
of adhesion concept as defined by the equation 


Wa = Yiv(1 + cos 6) 


Method and Technique 


There are many methods by which a liquid surface 
tension may be measured® but the sessile drop meth- 
od is one of the few permitting a simultaneous deter- 
mination of the contact angle. 

Small buttons of resin were melted on the hori- 
zontal surface of the quartz plaque at a temperature 
of 175 C to produce so-called sessile drops. In order 
to ensure that these liquid resin droplets had assumed 
an equilibrium shape, so that measurements subse- 
quently made on photographs of the drops would 
give meaningful values of surface tension and con- 
tact angle, it was known to be necessary to hold 
the resin in a liquid state at 175 C for a number of 
hours. For this reason, the effects of nitrogen, oxygen, 
water vapor and ammonia were studied on the ad- 
hesion of a novolak to quartz, rather than on the 
adhesion of a thermosetting resin to quartz. 

A novolak is the thermoplastic form of phenol-for- 
maldehyde. With the requisite addition of hexameth- 
ylenetetramine to a novolak, a thermosetting resin, 
as used in shell mold fabrication, would be produced, 
but at 175 C, this resin would be completely polymer- 
ized in 1 or 2 min and would not give an equilibrium 
drop shape from which valid measurements of surface 
tension and contact angle could be made. 


Gases Effect on Adhesion 


A schematic layout of the apparatus used for ex- 
perimental work is shown in Fig. 2. It was designed 
to isolate the plaque and the resin sample from the 
surroundings while an experiment was processed 
through the following four principal stages: 1) to 
de-gas the plaque at about 500 C in vacuo, 2) to 
charge the resin onto the plaque when cool, 3) to melt 
the resin at 175 C and to maintain it at that temper- 
ature for not less than four hours (except for experi- 
ments with oxygen) in a controlled atmosphere, and 
4) to record an accurate silhouette of the drop on a 
photographic plate. 

Among others, Ellefson and Taylor® list references 
to various methods of evaluating the surface tension 
of a liquid from the measurement of appropriate para- 
meters on the silhouette of a sessile drop of the 
liquid. However, none of these methods proved suit- 
able for the determination of surface tension from 
drops having shallow contact angles; i.e., in the region 
of 30-40 degrees, and large ratios of max. diameter to 
height. Hence it was necessary to develop some new 
method for evaluating the surface tension and this 
was done by using the following equation which is 
derived and discussed in the appendix: 


. 
“a DiZ 


2 ¢- = 





Ytv = 


W = the weight of the drop (grams) 

x = the maximum radius of the drop (centi- 

meters) 

D: = the density of the drop, to be deter- 
mined at the same temperature at 
which the surface tension is measured 
(grams centimeters*) 
the height of the drop (centimeters) 
the acceleration constant due to gravity 
(centimeters od. 

b = the instantaneous radius at the apex of 
the drop (centimeters) 

@ = the contact angle of the liquid on the 
horizontal solid surface measured 
through the liquid (degrees). 

It was found that if a droplet of thermoplastic resin 
was held in a fluid state at 175 C for more than a 
few minutes, small bubbles- were apt to precipitate; 
the lower the ambient pressure the larger were the 
bubbles able to become. Hence, in order to restrain 
this effect, all experiments were conducted at one 
atmosphere total pressure; the composition of the gas, 
in the general case, being made up of some partial 
pressure of one of the four gases studied and the 
balance of purified helium. 


Wil 


RESULTS 


1) Surface Tension and Contact Angle in Purified 

Helium 

a) Surface Tension 

It was possible to evaluate the surface tension in 
purified helium by means of the Bashforth and Adams* 
Tables as well as by the method developed in this 
work. The former method gave an average surface 
tension for two experiments of 54.8 dynes/centimeter, 
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and the latter method, for the same two experiments, 
a surface tension of 52.9 dynes/centimeter. 
b) Contact Angle 

The average contact angle for three experiments 
was 37.5 degrees. 

2) The Effects of Oxygen 

The cosine of the contact angle and surface tension 
are plotted in Fig. 3 as a function of the partial 
pressure of oxygen. The work of adhesion values in 
Table 1 have been computed with smoothed values 
of surface tension taken from the graph. 

It should be noted that most data in Table 1 have 
been recorded for a period at 175 C of 2 hr only, 
in contradistinction to data for other gases which 
were taken after holding times of not less than 4 hr. 
From plots of contact angle versus time at 175 C, 2 
hr were found to be the minimum time necessary for 
achievement of equilibrium. At the higher partial 
pressures of oxygen employed in experiments, as may 
be seen in Table 1, contact angles increased with 
increasing time after 2 hr to give results which lacked 
continuity with the data at lower partial pressures of 
the gas. 

Calculation of the surface tension at a partial pres- 
sure of 8.3 millimeters of mercury after 2 hr was 
possible also with the Bashforth and Adams’ Tables. 
The value thus obtained was 46.2 dynes/centimeter, 
to be compared with the value of 47.2 dynes/centime- 
ter computed by the method used in this work. 

3) The Effects of Water Vapor 

The cosine of the contact angle is plotted in Fig. 
4 as a function of the water vapor partial pressure. 
The work of adhesion has been calculated upon the 
assumption that the surface tension remains essential- 
ly constant and the average value of 56 dynes/centi- 
meter used for yzy (Table 2). 

4) The Effects of Nitrogen 

The cosine of the contact angle is plotted as a 
function of the nitrogen partial pressure in Fig. 5. 
An average liquid surface tension of 39.5 dynes/cen- 
timeter has been used to calculate the work of ad- 
hesion in Table 3. 

5) The Effects of Ammonia 

In Fig. 6 the cosine of the contact angle is plot- 
ted as a function of the partial pressure of ammonia. 
An average liquid surface tension value of 63.6 dynes 
/centimeter has been used to calculate the work of 
adhesion results given in Table 4. 

6) Confirmatory Results 

Although all of the foregoing data had been ob- 
tained from the same sample of novolak, it had not 
been found possible to gather all of the results from 
the same batch of reboiled resin. In fact, only the 
oxygen and nitrogen experiments had been carried 
out with one batch. For this reason it was considered 
essential to check the results since it was known that 
the data for any one gas would be self-consistent 
and accurate within the prescribed limits, but, with the 
exception of the results for oxygen as compared with 
those for nitrogen, not necessarily comparable with the 
data for another gas. 

Furthermore, it seemed desirable to confirm the 
significant increase in surface tension induced by 
ammonia and the anomalous behavior of the contact 
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Fig. 3 — The effect of oxygen on the contact angle and sur- 
face tension. 


angle as a function of the partial pressure of ammonia 
when compared with the effects of other gases on 
the contact angle. 

This phase of the work was begun with the resin 
which had been used for data on ammonia (the 


TABLE 1 — EFFECT OF OXYGEN ON CONTACT ANGLE, 
SURFACE TENSION, AND WORK OF ADHESION OF A 





NOVOLAK TO QUARTZ 
. mun Hg 0.011 0.034 0.077 0.25 0.82 2.7 8.3 
2 
Hr at 175 C 2 2 2 2 2 2 3.75 2 3.25 
6 38 37.25 36.5 38.75 41 44 47.25 47.5 55.25 
YLV dynes/em 44.7 46.8 44.1 35.8 43.6 48.3 41.6 47.2 18.1 
V ante 82.9 80.3 79.4 77.4 76.5 78.7 69.8 83.1 28.4 





TABLE 2— THE EFFECT OF WATER VAPOR ON 
CONTACT ANGLE, SURFACE TENSION, AND WORK OF 
ADHESION OF A NOVOLAK TO QUARTZ 





P mmHg 0.007 0.069 0.75 5 28.25 
H:0 
w 22.25 26 28.5 29.75 31.5 
wr oxne 53.5 60 54.5 
Yiv dynes/em .. 
¥. dynes/em 104.9 106.3 105.2 104.6 103.8 





TABLE 3 — THE EFFECT OF NITROGEN ON 
CONTACT ANGLE, SURFACE TENSION, AND WORK OF 
ADHESION OF A NOVOLAK TO QUARTZ 





‘. mm Hg 0.021 0.033 0.060 0.577 5.79 61 599.5 
2 
6° 36.5 34.75 33.75 35.25 36.75 38 39.25 
YLv dynes/cm 40.9 419 448 356 43.9 36.8 32.9 
W_ dynes/cm 71.3 720 72.3 718 71.1 70.6 70.1 
A 
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TABLE 4 — THE EFFECT OF AMMONIA ON CONTACT 
ANGLE, SURFACE TENSION, AND WORK OF ADHESION 
OF A NOVOLAK TO QUARTZ 





— mm Hg 0.017 0.025 0.065 0.612 4.72 43 597 
8 
6° 38.5 37.75 34 33.75 33.5 33 33 
Yiv dynes/cm caice 64.1 71.0 61.8 58.4 61.8 
W_dynes/cm 113.4 113.9 1163 1165 1166 117 117 
A 





TABLE 5 — COMPARISON OF CONFIRMATORY WITH 
ORIGINAL RESULTS ON THE EFFECTS OF GASES ON 
SURFACE TENSION AND WORK OF ADHESION 











Confirmatory Experimental Results Original Results 
P Yuv Ww, %, Gane p % Ae ge 
mmHg dynes/em  dynes/cm A mm Hg A 
Gas H2O 
0.097 49.6 84.1 +8.5 0.069 +10.0 
30 50.6 84.3 +8.8 28.25 + 7.5 
Helium 49.2 77.5 
Gas N2 
0.079 46 72.9 —5.7 0.060 —25 
604 48.4 80.5 +3.2 522.5 —27.5 
Helium 49.2 775 
Gas NHs 
0.15 60.2 107.6 +28.1 0.065 +20.4 
604.5 65 115 +36.9 527 +21.1 
Helium 49.2 84 





last series of experiments) but it was found to give 
inexplicably high contact angles. Further batches from 
the same original sample behaved similary and hence, 
the resin was abandoned entirely. A second sample 
was reboiled under vacuum and the experiments car- 
ried out as planned, (Table 5). 

Confirmatory experiments were also run on the 
effects of oxygen but the results are not included in 
Table 5 for reasons which will become clear in the 
discussion section. The value of 49.2 dynes/centi- 
meter for the surface tension of the second novolak 
sample, given in column 2 of Table 5, is the average 
of four results. In column 4 the effects of a gas on 
the work of adhesion are expressed as the percentage 
change with respect to the work of adhesion ob- 
tained in helium. For comparative purposes, the per- 
centage change in work of adhesion compared with 
that in purified helium is given for the original data 
in column 6. 

It is interesting to observe in column 2 of Table 5, 
that the significant increase in liquid surface tension 
occurs as before in the presence of ammonia. How- 
ever, the anomalous decrease in contact angle, appar- 
ent in Table 4 of the data for the iriginal novolak 
with increasing partial pressure of ammonia, is not 
confirmed. At a partial pressure of 0.150 millimeters 
of mercury, the confirmatory experiment gave a con- 
tact angle of 38° and a contact angle of 39.75° was 
obtained at a partial pressure of 604.5 millimeters of 
mercury. 


DISCUSSION 

1) Oxygen 

Of the four gases examined, oxygen is undoubtedly 
the most potent in its effects; and because of this 
potency it proved necessary to restrict the studies of 
its influence to partial pressures of less than about 8 
millimeters of mercury. At partial pressures of oxygen 
greater than 8 millimeters of mercury, sessile drops 
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of the fluid novolak would assume non-equilibrium 
shapes in less than the 2 hr at 175 C regarded as a 
minimum time for the achievement of equilibrium. 

Moreover, it is apparent in Table 1, that at partial 
pressures of 2.7 and 8.3 millimeters of mercury, that 
the liquid surface tension, yxy, decreases, and that 
the contact angle increases as a function of time. 
These changes are particularly severe at the higher 
of the two partial pressures. However, if the contact 
angle and surface tension change with time, even 
from values which at 2 hr have a continuity with 
other values at lower partial pressures, then these 
results must be regarded as non-equilibrium and in 
terms of surface energy measurements without sig- 
nificance. 

Furthermore, from the smallest partial pressures of 
oxygen studied, the resin drops were found to be 
enveloped in an orange-colored, acetone-insoluble 
membrane of tenacity which increased with increasing 
oxygen concentration. This film adhered firmly to the 
quartz plaque and was probably composed of the 
oxidized novolak chains whose identity was deter- 
mined by Hall. But under the constraint of any film, 
the sessile drop cannot be considered to be resting 
freely on the plaque and its measured values of surface 
tension and contact angle must be regarded as more 
apparent than real. 

Hence, it may be concluded that 1) the presence of 
oxygen seriously degrades a novolak held at an ele- 
vated temperature and 2) since oxygen develops a 
tenacious film which must constrain a sessile drop, 
degradation cannot be quantitatively analyzed in 
terms of surface energies. 

2) General 

The effects of water vapor, nitrogen and ammonia 
have some features in common which, to avoid repeti- 
tiousness, can be discussed collectively. The follow- 
ing equation, previously defined in a slightly different 
form, is a useful interpretative device with which to 
pursue the discussion: 


Fav = Fa. 
YLV 


= cos 0 


Ysv = the surface tension of the solid when 
in equilibrium with a gaseous environ- 
ment 

Yst = the interfacial energy between the liq- 
uid and solid 

Ytv = the surface tension of the liquid in the 
prevailing atmosphere 

6 = the contact angle. 


Figures 4, 5 and 6 show that the immediate effect 
of the three active gases is to induce a sharp increase 
in cos @. If for the moment it is assumed that the quan- 
tity ysv — Ystu remains constant, then a sudden in- 
crease in cos @ would be a reflection of a sudden de- 
crease in the liquid surface tension (yy). The 
numerical magnitude of the effect, however, is small 
and well within the limits of experimental error (see 
Appendix). But, since the behavior of cos @ is initially 
the same for all of these gases whether they tend to 
increase the liquid surface tension (for example water 
vapor and ammonia), or to decrease it (as in the case 
of nitrogen), then it seems reasonable to believe that 
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the form of the cos @ versus partial pressure curves is 
due to a change in the quantity ysv — Ys which oc- 
curs whatever other changes yy undergoes. 

Therefore, initially, either ysy increases or yg. de- 
creases. There is no good reason to believe that ad- 
mission of an active gas to the system should raise the 
surface free energy of the solid; rather, by adsorption, 
the gas should decrease ygy. Hence the initial increase 
in cos @ should be due primarily to a decrease in 
Ysr. the interfacial energy between the liquid and solid 
and it is hypothesized that ysr decreases because water 
vapor, nitrogen and ammonia inhibit polymerization. 

The formation of small bubbles in a sessile drop 
is due principally to the slight polymerization which 
occurs in the novolak when it is heated. In a private 
communication, Drumm!’ stated it had not been found 
possible to produce a novolak with a phenol to for- 
maldehyde (P to F) ratio smaller than about 1 to 0.8 
which did not show some tendency to polymerize. 
The “P” to “F” ratio of the resin used in the original 
experiments, was 1 to 0.86. However, it was observed 
that whenever the resin was melted in an atmosphere 
containing a partial pressure of nitrogen greater than 
about 60 millimeters of mercury or partial pressure 
of ammonia greater than about 400 millimeters of 
mercury, no bubbles occurred. These observations are 
adduced as evidence that nitrogen and ammonia cer- 
tainly, and, at sufficient concentrations, water vapor 
probably too, inhibit polymerization completely. 

If the effect of these gases is to progressively re- 
press polymerization with increasing gas concentra- 
tion, then a reduction in steric hindrance and cross- 
linking among the novolak chains may be expected 
to accompany the effect. Thus the resin will become 
increasingly amenable to the force fields in the solid 
surface until it saturates them, and hence, ysr de- 
creases. 

The continued increase in cos @ over the entire range 
of ammonia concentrations studied is anomalous (Fig. 
6). It is not substantiated by the confirmatory experi- 
ments which indicate a decrease in cos @ in conform- 
ity with the linear decrease in the same parameter 
for water vapor and nitrogen as shown in Figs. 4 and 
5. The effect is believed to be associated with the 
degradation of the resin discovered subsequently. 

The continuous decrease in cos @ as a function of 
gas concentration (after the initial increase) finds a 
logical explanation in the progressive reduction in ysy 
due to adsorption of gas on the solid (quartz) surface. 
3) Water Vapor 

The effects of water vapor were studied only up to 
partial pressures of the order of 30 millimeters of 
mercury since higher concentrations would have con- 
densed on the cooler parts of the apparatus. Even 
so, this represents about the maximum concentration 
of the gas likely to be found in industrial practice. 

Water slightly raises the surface tension of a novo- 
lak, and increases the work of adhesion approximately 
10 per cent when compared with the values of surface 
tension and work of adhesion obtained in purified 
helium. The effect can probably be ascribed to the 
polar nature of the water molecule. 

4) Nitrogen 

Compared with the surface tension and work of 

adhesion of a novolak in purified helium, nitrogen 
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Fig. 4 — The effect of water vapor on the contact angle. 
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Fig. 5 — The effect of nitrogen on the contact angle. 
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Fig. 6 — The effect of ammonia on the contact angle. 


reduces these quantities by an amount which is in 
some doubt. It is not clear whether the decrease in 
surface tension is due to adsorption or to the forma- 
tion of non-polar groups with the novolak chains. 
5) Ammonia 

Ammonia increases the liquid surface tension (yxy) 
of a novolak by about 20 per cent and the work’ of 
adhesion by about 20 to 30 per cent when compared 
with the values obtained in helium. These increases 
are appreciable and suggest the presence of dissociat- 
ed compounds, that is, ionic groups, of ammonia per-’ 
haps with free phenol or traces of the catalysing acid. 


PRACTICAL IMPLICATIONS 


The work draws attention to the desirability of 
fabricating shell molds in the absence of oxygen. 
The degradation effects of this gas are undoubtedly 
serious and although it is reasonable to object that 
degradation does not begin to assert itself at partial 
pressures of the order of 8 millimeters of oxygen until 
the resin has been molten for at least 2 hr, it should 
be borne in mind that the partial pressure of the gas 
ordinarily present in the atmosphere is about 20 times 
as great. Oxygen may very well react with a thermo- 
setting resin in shell molds in the two or three minutes 
during which the resin is hot, to an extent that is 
worth curtailing. 
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CONCLUSIONS 


1) Traces of water vapor, nitrogen and ammonia 
quickly reduce the contact angle between a novolak 
and quartz, by inhibiting polymerization of the resins 
but the principal effect of subsequent increases in gas 
concentration is to progressively increase the contact 
angle by adsorbing on the solid. 

2) Of the four gases whose effects were examined, 
oxygen had the most potent and deleterious influence 
on the resin. However, as was determined in this 
work, it is not possible to describe the effects of oxy- 
gen quantitatively in terms of surface energy measure- 
ments. 

3) Compared with the surface tension of the resin 
and work of adhesion in purified helium, (a) water 
vapor increases the surface tension and the work of 
adhesion by about 10 per cent, (b) nitrogen decreases 
the surface tension of the resin and the work of 
adhesion by an amount which is in some doubt, (c) 
ammonia increases the surface tension and the work 
of adhesion by about 20 to 30 per cent. 


APPENDIX 


Bashforth and Adams? have developed the follow- 
ing expression for the surface tension of a liquid in 
terms of the geometrical and physical factors describ- 
ing the form of a freely resting or hanging drop as 
follows: 
sn @ 2 , gDiZ 


= —+ 
x b YLV 








2 
p 
where: 

x = the horizontal coordinate of any point 
in a meridional section of the surface 
of the fluid (centimeters) 

Z = the vertical coordinate of such a point 
(centimeters) 

p = the radius of curvature of the meri- 
dional section at that point (centimet- 


ers) 

@ = the angle which the normal to the sur- 
face makes with the axis of revolution 
(degrees) 

b = the radius of curvature at the origin 
of the axis of revolution (centimeters) 

D: = the density of the fluid (grams cubic 
centimeters) 

g = the acceleration due to gravity (centi- 
meters/second) 

Ytv = the surface tension of the fluid (dynes/ 
centimeter). 


Figure Ib illustrates a drop in terms of the above 
geometrical parameters. “x”, “Z”, and @ can readily be 
measured and if the volume of the drop can be deter- 
mined, D: may be computed when the weight of the 
fluid is known. 

The variables remaining to be determined are the 
radii p and “b”. Of these, “b” is the more amenable to 
direct measurement than p. 

However, the volume of a drop may also be ex- 
pressed in terms of the above variables", as follows: 
YuvTx? ( 1 sin *) 


Pee 
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. _ WwW 
Since V= Di 


where W is the weight of the fluid (grams), 
then 





Wz 





Yuvex® (4-= 0 
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Substitution for V in the original expression for 
Y.v, after algebraic manipulation, leads to the equa- 


tion, 
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Only “b” now remains to be determined, and since 
the crest of the meridional section of a drop exhibiting 
a shallow contact angle may be approximated over 
an appreciable arc by a curve of invariant radius, 
Pythagorean geometry indicates that, 

h ? 
ek ee 
where “1” is the length of a chord on the meridional 
section intersecting the radius of curvature about the 
axis of revolution (centimeters), and “h” is the verti- 
cal coordinate from the chord to the origin. 


Liquid Surface Tension Error Analysis 
Estimated measurement error limits for 1 + 0.002 centi- 
meters 
Estimated measurement error limits for h + 0.0005 
centimeters 
Error limits in surface tension due to | and h 
= = 2% 
Estimated measurement error limits for x + 0.0005 
centimeters 
Estimated measurement error limits for Z + 0.001 


centimeters 
Error limits in surface tension due to x and Z 
=> &: 95% 


Estimated measurement error limits for @ + 1° 
Error limits in surface tension due to @ = + 6% 


Total comparative error + 10.5% 


Estimated weighing error for W = + 0.0002 grams 
Error limits in surface tension due to Di = +0.5% 
Total absolute error + 11% 
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INDUSTRIAL APPLICATIONS OF OLIVINE AGGREGATE 


By 


Gilbert S. Schaller* and W, A. Snyder** 


INTRODUCTION 


The mineral olivine was first discovered in 1790 
by Johann Gottlieb Werner. He named this mineral 
olivine because of its olive-green color. The first re- 
corded attempts at using crushed olivine as an ag- 
gregate in synthetic molding sand was in a Norwegian 
steel foundry in 1927-28.1 This use in the foundries 
followed the discovery in 1925 by V. M. Goldschmidt 
that natural olivine and olivine rock (dunite) had 
valuable properties as a refractory. 

This discovery led to intensive studies since olivine 
is found abundantly in Norway.” Literature on the 
early use of olivine in foundries comes from Norway 
exclusively. The objective was that of finding a mate- 
rial of hygenic value that would overcome the silicosis 
problem among foundry workers. 

Olivine is currently being introduced into Swedish 
industry on a broad scale. The Domnarfvets Jernverk 
entirely changed over its steel foundry operations to 
olivine in August, 1957. In addition, Kanthal and 
Kohlswa Jernverk are other foundries that have gone 
over to olivine. These adoptions have not been made 
without incident and certain difficulties which have 
been successfully resolved. 


OLIVINE STUDIES 


An extensive series of studies on olivine is being 
conducted by the Swedish Institute for Metal Research 
under the direction of Prof. Erik Rudberg, Director.* 
Among the problems under study are the possibility 
of the development of free silica at the metal-mold 
interface. Their studies are not yet complete, and 
for that reason have not been published. 

Olivine has been studied extensively at this Uni- 
versity in the Department of Mineral Engineering. 
The department has published upwards of a dozen 
papers and theses on olivine properties, evaluations, 
and potential applications in areas other than for 
foundry aggregate. In order to understand the mate- 
tial it seems desirable to review a few fundamentals. 


*Professor and **Associate Professor, Mechanical Engineer- 
ing Department, University of Washington, Seattle. 
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Olivine is a solid solution of forsterite and fayalite. 
The ratio of these constituents is not fixed. In conse- 
quence, only those deposits that can produce the 
material containing approximately 90 per cent forste- 
rite minimum are considered as a satisfactory source of 
olivine foundry aggregate. The sand obtained by 
crushing this material has a high-fusion point and a 
low uniform thermal expansion. 

Olivine grains show a remarkable ability to with- 
stand thermal shock without cracking or shattering. 
On the other hand, such sands weigh approximately 
25 per cent more when rammed into a mold than 
does silica. They have a slightly greater cooling effect, 
and exhibit a higher heat capacity than silica. The 
grain shape is angular and acts to control the rammed 
density of the mold. 

For several years past the Mechanical Engineering 
Department of the University of Washington has been 
investigating the use of olivine as a foundry aggre- 
gate. Throughout this research the foundry of the 
Mechanical Engineering Shops has served as a pilot 
operation. The sand for these studies has been ob- 
tained from the Twin Sisters deposit in the Mount 
Baker area of the Cascade Mountains in the State of 
Washington. Olivine sands from other deposits in the 
state and other regions of this and foreign countries _ 
were examined. However, only materials from the 
Twin Sisters area have been used in the intensive re- 
search programs. 

The olivine of this deposit is in the form of massive 
mineral that must be crushed and classified in order 
to produce a manufactured aggregate (sand). The 
sands used for early research were produced with im- 
provised equipment in many grain sizes and distribu- 
tions. The primary objective of this research was to 
determine the aggregate sizes. that would be of great- 
est value to commercial foundry operations. 

A series of commercial sands prepared from the 
Twin Sisters olivine deposit are now prepared on a 
commercial scale. They are available to the industry. 
These sands are supplied as numbers 45, 70, 130, and 
200. The identifying numbers correspond to the AFS 
fineness number of the aggregate. Since the aggregate 
is a manufactured product it is subject to control, 
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TABLE 1—NON-FERROUS SAND FORMULATIONS 





Constituents parts /wegt 
No. A B C D E 


130 Olivine 20 90 
200 Olivine 76 
115 Silica 

W. Bentonite 3 

S. Bentonite 7 4 

Wood Flour Se ok wi 

Water content/% 3.2 3.4 








and therefore, the grain size and distribution should 
be reliable and constant. 

A substantial number of foundries seeking to im- 
prove their product or reduce their costs have investi- 
gated the application of olivine sands in their opera- 
tion. In many cases the advantages shown by this 
aggregate have caused its adoption. The objective of 
this paper is to review a few of these operations where 
superior castings or an economic advantage over pre- 
vious sand practice have resulted from the introduc- 
tion of olivine. 


NON-FERROUS APPLICATIONS 


Natural molding sands constitute the bulk of the 
material currently used in this area. These sands can 
produce excellent results, but those that produce a 


Fig. 1—Two views of aluminum alloy statue cast in olivine. 
(Courtesy De Freece Foundry) 


Fig. 2—Casting group at left molded in olivine. Group on right 
cast in silica-based molding sand. (Courtesy Boeing Airplane 
Co.) : 


Olivine Aggregate Applications 


good surface usually require a high-moisture content 
and have a low permeability. Only 2 minor portion 
of the non-ferrous foundries have used synthetic sands, 
although many have expressed the desire to obtain 
the advantages that they offer. 

A major deterrent to the use of synthetic sand is 
that they usually require the addition of organic buff- 
er materials to eliminate expansion defects. This is 
not a difficult problem where facing sand is employed, 
but requirements are rarely sufficiently critical to jus- 
tify the added cost. 

Organic materials in heap or system sand present 
an extremely difficult control problem. Olivine based 
synthetic sands without organic material additives 
have proven successful in this connection. If the mois- 
ture content is correctly controlled, these sands may 
be hard rammed without causing either steam or ex- 
pansion problems. 


THERMAL PROPERTIES 


The thermal properties of these sands are instru- 
mental in producing a smoother surface than would 
normally be expected for a given permeability. Table 
1 shows some formulations that are presently being 
used by commercial foundries. 

Mixture A is employed by a mechanized aluminum- 
alloy foundry. Mixture B is used to produce green- 
sand molds for thick-sectioned brass and bronze cast- 
ings for marine service. Mixture C is used by a job- 
bing foundry for an extensive range of green-sand 
work for both aluminum alloys and brass. An alumi- 
num statue which is not cored and was molded in mix- 
ture C is seen in Fig 1. The statue weighs 65 lb and is 
cast from aluminum alloy No. 43. 

Non-ferrous foundries that have converted to olivine 
have usually changed at the same time from natural 
molding sand to synthetic. A few foundries, however, 
have shifted from synthetic silica sand to synthetic 
olivine sand. One of these is the Aluminum Foundry, 
Industrial Products Division of the Boeing Airplane 
Co., Seattle. 

This foundry has used the sand shown as mixture 
E in Table 1 to produce the sound, high quality cast- 
ings required for their applications. This silica founda- 
tion contained 2 per cent wood flour additive in 
order to eliminate expansion defects. To produce large 
flat castings, a special facing had to be prepared to 
which an additional 2 per cent of organic material 
was added to prevent formation of rat tails. This sand 
has been replaced entirely by mixture D of Table 1. 
This is an olivine molding sand containing no organic 
material used to produce all castings without facing. 

Similar castings produced as part of a test program 
at Boeing with the two sands are seen in Fig. 2. The 
olivine sand in this test has a slightly higher permea- 
bility, but produces a smoother surface. The grain size 
of the aluminum casting produced in olivine was 
slightly finer as a result of faster solidification, al- 
though both casting sets were of acceptable quality. 

Most non-ferrous operations report that the life or 
durability of the olivine sands ha: far exceeded their 
expectations. Such sands cannot be introduced satis- 
factorily unless the foundry is equipped with a sand 
muller. This requirement is the greatest single factor 
in limiting wider application in non-ferrous foundries. 
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Fig. 3—Views of gray-iron casting 
molded in olivine shell without 
a core. 


SHELL-MOLDING APPLICATIONS 


Shell molds in olivine were made at the University 
of Washington immediately following the introduction 
of the process in this country. Other researchers later 
became interested in this sand for resin-bonded shells, 
because it was felt that the desirable thermal proper- 
ties would produce shells of greater accuracy than sili- 
ca by eliminating or reducing shell warpage. It was 
further believed that the increased cooling effect 
would improve the surface finish of castings produced 
in olivine shells. Incidentally, shells were also evaluat- 
ed for the production of carbon-steel castings which 
could not be consistently cast with acceptable surfaces 
in silica shells. 

Olivine shells produced quality castings in the car- 
bon steel]. The angular grain, however, offered enough 
resistance to the flow of sand that low density ram- 
ming occurred along vertical surfaces and in pockets. 
Foundries in the Oakland Bay area solved the flow 
problem by using olivine aggregate in combination 
with round-grain silica. Table 2 shows a mixture that 
has been developed for dump box shell molding. 

A basic theoretical fault of the shell mold is that 
the sand in the pattern cavity is heated and expands 
when the metal is poured. The shell at the faying 
surface is not heated and does not expand. This con- 
dition causes the shell in the pattern cavity to buckle 
outward. The resultant buckling in turn forms cracks 
on the outside of the shell. These cracks can be ob- 
served, and their formation timed, if a shell is not 
hidden by backing material. The least damaging result 
of the expansion is a distorted casting. A cylindrical 
casting parted along its axis will tend to become oval. 
A heavier casting could form fins or even run out if 
backing is not provided. 

These difficulties cannot be entirely eliminated, but 
they can be reduced by using an aggregate with a 
lower coefficient of thermal expansion. The addition 
of as little as 20 per cent olivine to a silica sand will 
result in a noticeable increase in crack formation time. 
The mixture given is now considered to give the op- 
timum compromise between adequate thermal prop- 
erties and acceptable flow properties. 

The shell molders using this sand point out that 
it produces smooth castings with improved accuracy 
and allows larger castings to be produced without 
the use of backing materials. Peel-back, which had 
already been reduced to a minimum through the use 
of improved binders, is now virtually eliminated with 


this sand mixture. This result is believed to be from 
the grain distribution and shape rather than the prop- 
erties of the aggregate. As this paper is being written, 
angular olivine grain has not been satisfactorily coat- 
ed, and so has not been used for the production of 
shell cores. 

An iron casting made in a shell of the material pre- 
viously described is shown in Fig. 3. The casting is 
made in a cup-shaped mold with the inside being 
formed by part of the mold. No core is used. The 
resulting casting is evidence that the flow properties 
of the mixture are proving to be excellent. A group 
of castings made in the olivine shells are pictured in 
Fig. 4. Gray iron, steel, brass, and bronze castings 
comprise this grouping. 


GRAY CAST IRON APPLICATIONS 


Much of the original research devoted to olivine 
sands in this country was performed through the 
medium of gray cast iron. These studies indicated 
that olivine can be instrumental in reducing expansion 
defects with little or no added organic buffer mate- 
rials. The permeability of an olivine heap is not 


TABLE 2—SHELL-MOLD MIXTURE 


Compositions 
Ib 





Constituent parts/wegt 
INO. 


100 Silica 20 
70 Olivine 40 
130 Olivine 40 
Resin Binder 6 








® 
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Fig. 4—Castings made in olivine shells. 
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TABLE 3— GRAY IRON MIXTURE 

Constituent parts/wgt A B 
70 Olivine 95 i 
130 Olivine = 94 
W. Bentonite 5.00 4 
S. Bentonite ey 2 
Corn flour 0.4 a 
Water % 2.8 3.0 





TABLE 4 — GREEN-SAND MIXTURES FOR STEEL 
CASTINGS 





Constituent parts/wegt 
No. 





B C. D 
45 Olivine i; 42 300 300 
70 Olivine 95 42 200 300 
140 Olivine a ® rae 
200 Olivine oy 10 25 
W. Bentonite 5 6 30 30 
Corn flour 5 1.5 2 2 
Dextrine 25 i 44 4 
Water % 3.2 5.0 4.3 3.5 





reduced by use, except through the addition of new 
clay or other additives. This is because the grain is 
not fractured by thermal shock. The excellent life of 
the sand will eliminate facing from many molds. 
Olivine mixtures somewhat similar to those used 
for non-ferrous work can also be used to replace natu- 
ral molding sand for light and ornamental iron cast- 
ings. The thermal properties of the sand can be useful 
in improving the dimensional accuracy of gray iron 
castings, and in eliminating center-line shrink when 
this defect is caused by mold expansion or deforma- 
tion. Several commercial foundries are using these 





Fig. 5—Low alloy steel marine propeller. (Courtesy N&S 
Foundry Co.) 


Olivine Aggregate Applications 


sands on a trial basis to determine the economic value 

of olivine to their operation. Mixtures A and B of 

Table 3 are typical ones used by gray foundries. 
STEEL APPLICATIONS 

Late in 1957 olivine was being used in the field of 
steel (carbon and low alloy) only in areas where prop- 
erly formulated silica-sand facings were not giving 
satisfactory results. Olivine is currently used as a fac- 
ing backed by the silica-system sand for steel casting 
productions. The favorable thermal properties that 
have been mentioned in previous applications are 
equally advantageous in steel casting. However, the 
high fusion point of olivine in this field is significant. 

Formulating silica-sand facings in the steel foundry 
has been elevated through extensive research and 
unlimited field experience to a high degree of perfec- 
tion. In most cases suitable silica-sand facings will give 
satisfactory results. Olivine facings will give equally 
good results with less organic matter. In some cases it 
gives good results with no organic matter or additives 
in the formulation. 

This fact alone does not give olivine an economic 
advantage when used as a facing. However, olivine 
can show a decided advantage when accuracy, pene- 
tration, and center-line shrink or cracking caused by 
mold deformation are problems. Olivine will reduce 
scabbing and buckling difficulties, but when these 
defects occur due to poor control, they will not neces- 
sarily be cured through the expedient of changing 
the aggregate. 

One commercial steel foundry that is a regular 
user of olivine for special problems, holds the belief 
that if their system sand were olivine they could 
eliminate the use of facing in many of their molds. 
Such procedure would also greatly reduce the amount 
of new or reclaimed sand required where facing is 
used. This condition would seem to result from the 
reduction of additive required, and from the excellent 
thermal life of the olivine grain. 

Should this assumption prove correct, olivine would 
offer a decided cost advantage for general steel-cast- 
ing work. Such a possibility must be investigated by 
a steel foundry, running a carefully controlled side 
floor of olivine. This investigation should not be at- 
tempted until further field experience with facings de- 
termines the absolute minimum additive requirements. 
Mixture A from Table 4 is a formulation that is used 
for steel casting in green-sand molds. 

A low-alloy steel marine propeller produced by the 
N & S Foundry Co. of Seattle is shown in Fig. 5. 
The mold for this casting is faced with no. 70 olivine 
and contains 5 per cent soluble sodium silicate which 
is hardened by gassing with CO, before the pattern 
is drawn. The dimensional stability of the olivine has 
in this case eliminated hub cracks which occurred 
when silica sand was employed. The accuracy of the 
blades has been improved. This application has be- 
come standard practice at this foundry for many low- 
alloy and stainless-steel propeller castings. 

HIGH MANGANESE-STEEL APPLICATIONS 

The greatest interest in olivine sand has been shown 
by foundries that produce high manganese-steel cast- 
ings. In some of these foundries the use of olivine 
facing has become standard procedure. In others the 
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practice is commonly used, but is as yet considered 
to be experimental. 

In this application, olivine is perhaps the only aggre- 
gate available commercially in a suitable range of 
grain sizes that does not react with the metal. This 
reluctance of the sand to react chemically at the 
metal-mold interface has permitted some shops to 
produce austenitic manganese-steel castings with sur- 
faces that rival expert gray iron production. 

The thermal properties of olivine are important 
here. Foundries have discovered that this aggregate 
extends the scope of green-sand molding. Many com- 
ponents that have been previously cast in washed- and 
skin-dried molds can now be produced by the green- 
sand method. The present practice is limited to the use 
of olivine facing backed by silica system sand. 

With this method of application the obvious advan- 
tages are better finish, lower cleaning cost, and where 
drying is eliminated, lower molding cost. No foundry 
of this type has converted entirely to olivine, but 
this step could result in further economies. 

Manganese steel dredging buckets (Fig. 6) are pro- 
duced by the Washington Iron Works of Seattle in 
their program of evaluating olivine sand. These buck- 
ets weigh 142 lb each, and are cast in the green-sand 
mixture shown as A of Table 4. A manganese steel 
scraper back made under the same program is shown 
in Fig.7. This casting was made in a mold faced 
with mixture B of Table 4. The mold was given an 
olivine wash and skin dried. 

Chrome-manganese cone castings (Fig. 8) were pro- 
duced by the Electric Stee] Foundry Co. of Portland. 
The casting on the right was made by accepted silica 
practice. The one on the left was produced with olivine 
facing. Both molds were washed and skin dried. Mix- 
ture C of Table 4 is the olivine facing that was used 
in this case. Identical manganese steel rope socket 
castings shown in Fig. 9 were made by this same com- 
pany. These were poured in green-sand molds. The 
casting on the left was produced by standard silica 
practice, while the one 2n the right used olivine 
facing. The green-sand-olivine facing mix employed is 
shown as mixture D of Table 4. 


ACCURATE CASTINGS 


The application of large, accurate iron and steel 
castings may soon assume new significance in the pro- 
duction of forming tools for the aircraft, automotive, 


Fig. 8—Drag view—two chrome- 
manganese cone castings. Left 
Casting made in olivine sand mold, 
olivine wash sprayed, torch dried. 
Right casting made in silica sand 
mold, silica wash sprayed, torch 
dried. (Courtesy Electric Steel 
Foundry Co.). 





Fig. 6—Manganese dredging buckets made in olivine green 
sand. (Courtesy Washington Iron Works.) 


and missile industries. The tonnage requirements of 
this market will never be impressive, but the foundries 
who devote the time and money to developing- suit- 
able methods will find this outlet both rewarding 
and stimulating. Shell molders have frequently ex- 
pressed a preferance for cast-iron pattern equipment 
which, for economic reasons, should be cast with 
suitable surfaces and dimensional tolerance. Olivine is 
a useful material in the production of this category 
of casting in green-sand molds. 

An accurate gray iron casting (Fig. 10) was pro- 
duced by a California foundry with the aid of olivine 
aggregate. The casting is half of a core box for a shell 





Fig. 7—Manganese steel backing plate made in olivine dry 
sand facing, 200 Ib, washed and skin dried (olivine wash). 
(Courtesy Washington Iron Works). 
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Fig. 9—Cope view of manganese steel rope socket castings 
made in green sand molds. Shown in as-cast condition shortly 
after shakeout. Left, silica sand mold; right, olivine sand mold. 
(Courtesy Electric Steel Foundry Co.). 


core blowing operation. This box will be used as-cast, 
with no machining or finishing of the forming surface. 
The reverse side of this box casting is ribbed. It 
was molded in the cope from green heap sand. The 
formed surface was cast in the drag against a facing 
mixture composed of 50 parts of No. 100 round grain 
silica, 50 parts of No. 130 olivine, and 7 parts of a 
soluble silicate core binder. A minimum gassing treat- 
ment with carbon dioxide was followed by baking at 
350 F, for 3% hr. 


SUMMARY 


Olivine sands from the Twin Sisters area of the Pa- 
cific Northwest which have been under intensive 
investigation as foundry aggregates for several years 
are now available commercially. Compared to silica, 
the standard foundry aggregate of this country, olivine 
offers. slightly greater cooling effect, increased heat 
capacity, uniform thermal expansion, resistance to frac- 
ture by thermal shock, and a somewhat higher fusion 
point. Since olivine sand is a manufactured aggregate 
it is available in selected grain sizes that can be 
controlled and reproduced. The sand grains are angu- 
lar due to the nature of their manufacture. 

An increasing number of foundries are investigat- 
ing the utility of olivine sand in their operation. As 
a result, further knowledge in the use of this material 
can be expected. In non-ferrous foundries, complete 
conversion to olivine aggregates has been effective in 
both product improvement and cost reduction. The 
use of olivine facing for high manganese-steel castings 
has shown economic advantages that are so pro- 
nounced as to indicate its adoption as standard pro- 
cedure. 

Commercial shell-molding foundries have devised a 
method of taking advantage of the favorable thermal 
properties of olivine. It appears that its use in this 
process will increase as this potential becomes better 
known. Olivine facings are being used to reduce costs 
in iron and steel foundries only in specific instances. 
Our research indicates that complete conversion by 
such foundries could result in genuine savings. This 
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Fig. 10—An accurate gray iron half core box used for blowing 
shell cores. 


has not been proven on a commercial scale, and no 
complete conversions have been made by late 1957. 

Olivine aggregates have become firmly established 
in certain profitable applications in the United States 
and Canada. In every instance the adoption has been 
won in competition with traditionally established ma- 
terials. The introduction of olivine in America has, 
in all cases, been predicated on its mechanical and 
physical properties, with scant attention given to hy- 
genic potentialities. In Scandanavia, where olivine is 
rapidly becoming the universally accepted aggregate, 
primary considerations have always been given to 
its ability to improve working conditions. 

In view of the developments and achievements of 
olivine aggregate it may well be stated that the 
foundry industry has a material available of proven 
potential. It can be expected that broader applica- 
tions and novel uses wili follow increasing knowledge 
and understanding of olivine. In common with a multi- 
tude of other materials, there are many types of 
olivine. The foundryman must remember to select 
those that have the properties capable of meeting his 
requirements. 

With -the increasing interest in olivine by domestic 
foundries new developments are occuring almost 
daily. In light of this it can readily be understood 
that this paper, which was written at the close of 
1957, not to be delivered until six months hence, will 
undoubtedly be contradictory in some instances and 
outdated in others. Nevertheless, it is felt that basic 
information contained herein and developed in the 
foundries is of interest to the industry generally. 
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ON THE RELEASE OF HYDROGEN FROM 
MOLTEN ALUMINUM 


By 


Asutosh Pal* and H. M. Davis** 


INTRODUCTION 


Porosity in cast aluminum and its alloys is mainly 
of two forms: 1) pinhole pores, due to gas evolution, 
2) and shrinkage cavities, due to imperfect feeding 
during solidification. It appears well established that 
hydrogen is primarily responsible for the pinhole 
pores.!:> Various methods have been employed for 
ensuring melts of aluminum and its alloys have satis- 
factorily low hydrogen contents when cast. One effec- 
tive treatment is that of flushing with chlorine. How- 
ever, the method ‘has a number of operational 
drawbacks. 

Solid sources of flushing gas have been used (vola- 
tile and decomposable chlorides). These materials 
possess the disadvantage of floating on molten metal. 
The thought of using a dense flushing material in the 
briquette form to be dropped into the liquid metal 
is attractive. Obviously, a successful briquette should 
have certain attributes: 1) it should have a density 
greater than that of the molten metal, 2) it should 
decompose or become volatile at metal temperature, 
3) it should produce an adequate amount of effective 
flushing gas at an appropriate rate, and 4) it should 
produce no contaminants, gaseous or metallic. 

An evaluation of many solid substances, organic 
and inorganic, which might serve as sources of flush- 
ing gas resulted in the elimination of almost all of 
them. They had.unsuitable melting point, decomposi- 
tion temperature, or rate of decomposition, or they 
yielded objectionable by-products (notably water and 
hydrogen). 

The substance chosen was magnesium oxychloride, 
Mg2OClez. This substance begins decomposing at a 
temperature near the melting point of aluminum, and 
offers little of objectional by-products. Because mag- 
nesium oxychloride is of lower density than molten 
aluminum, it can be made to sink in the liquid metal 
only if joined with material of higher density. 

It became the purpose of this study to investigate 
the effectiveness of flushing by chlorine released 
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through the decomposition of Mg2OClz in briquette 
form which had been weighted with corundum—the 
dense, high-temperature form of Al2Os. 


EXPERIMENT 


The magnesium oxychloride was made from cal- 
culated proportions of MgO, and a concentrated 
aqueous solution of MgCle. After the initially pasty 
product had been dried for 48 hr at 105 C, it had a 
specific gravity of 1.87. The briquettes were then made 
from Mg2OClez and corundum of low iron content. 
The two materials were blended of such particle sizes 
that 68 per cent of the briquette was of 60-mesh size 
and 32 per cent was of 140- to 200-mesh range.® 

The dry materials were mixed with a small amount 
of freshly made paste of magnesium oxychloride as 
a binding addition. They were then pressed into cylin- 
drical briquettes under 10000 psi, with momentary 
releases at 4000 and 6000 psi. The briquettes were 
dried for 144 hr at 130 C, suffering a weight loss of 
approximately 2 per cent. They were kept in desicca- 
tors until used. They had a specific gravity of 3.2 in 
favorable comparison with the value of approximately 
2.4 for molten aluminum. 

The melting stock used in the experiments was a 
A.S.T.M. 1100 alloy. The analytical specification for 
this alloy is shown in Table 1. 

The macrostructure of a small ingot of this mate- 
rial is shown at 2X in Fig. 1. As a standard of low 
porosity, a reference metal was provided of the fol- 
lowing composition: 


Si 0.06% 
Fe 0.17% 
Cu 0.01% 
Al Remainder. 


This material was from a 100-Ib lot had been 
flushed for 10 min at the rate of 2.8 Ib of chlorine per 
hr. It had a mean density of 2.690: gram per cc. The 
macrostructure of this reference metal is in Fig. 2. 


TABLE 1 — MELTING STOCK SPECIFICATION 








Max % % 
Cu 0.20 Fe + Si 1.00 max 
Mn 0.05 Others 0.15 max 
Zn 0.10 Al 99.00 min 
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Five-hundred-gram batches of the melting stock 
were melted by induction (in air) in commercial 
magnesia crucibles under graphite lids. All batches 
were superheated to 900 C, for two purposes: 1) to 
encourage the absorption of hydrogen, and 2) to 
permit holding the melts, unheated, for 1.5 min and 
still having them molten for casting. Some melts were 
cast, without degassing treatment, into carbon-dressed 
cast-iron molds preheated to various temperatures. 
Others, prepared in quite the same way and similarly 
cast, were first treated with one 28-gram briquette 
each. These briquettes contained chlorine equivalent 
to 1800 cc at 900 C, or 1500 cc at a casting tempera- 
ture of 727 C. 

With or without the briquette addition, the metal 
was held for 90 sec after the heating power was cut 
off. During this interval, the temperature, initially 
about 900 C, fell by 115-130 C. 

From each cast ingot, specimens were taken for 
examination of porosity, for determination of density, 
and for spectrographic analysis. 

Densities were determined by use of the principle 
of Archimedes. The immersion liquid was freshly 
boiled distilled water for which the variation of den- 
sity with temperature is known. During weighings, 
the temperature of the water was continuously fol- 
lowed by use of a Beckmann differential thermometer 
referred to a secondary standard. Densities to five fig- 
ures were recorded, although the error may some- 
times approximate + 0.0001 gram per cc. 





Fig. 1 — Macrostructure of the melting stock. Sodium hydrox- 
ide etch, 2X 


RESULTS AND DISCUSSION 


All the melts were cast into molds which were 
either cylindrical or dome-shaped, so that the castings 
were inadequately fed. In consequence, the porosity 
due to the escape of gas from the freezing metal was 
exaggerated. Of course, the development of spaces 
due to shrinkage was also encouraged. The difference 
between the forms of the pores of the two origins 
generally permitted their differentiation. 

In ingots cast from the briquette-treated melts, the 
pores were mainly irregularly elongated, angular, or 
channel-like. They were evidently a product of the 
shrinkage resulting from imperfect flow of the feed- 
ing liquid into interdendritic channels of the growing 
crystals. Few of the rounded gas-created pores were 
found in the briquette-treated metal (Fig. 3). 

Ingots cast from melts of the same material with 
no flushing treatment contained an abundance of 
pores which were round, or somewhat rounded. These 
were ascribed to the evolution of gas during the solidi- 
fication of the metal. The substantial absence of the 
angular or channel-like pores was explained by the 
assumption that the released gas expanded enough to 
counteract the shrinkage because of poor feeding dur- 
ing solidification (Fig. 4). 

TABLE 2 — DENSITIES OF SUCCESSIVE LAYERS FROM CYLINDRICAL CASTINGS. ODD NUMBERS HAD BRIQUETTE 





Fig. 2 — Macrostructure of the special reference lot of alumi- 
num. Sodium hydroxide etch. 2X 








TREATMENT. 
Melt No. 6 7 8 9 10 1l 12 13 
Mold Temp, C 24 24 186 186 300 300 400 400 
Layer Density, gm/cc 
D 2.6631 2.6615 2.6630 2.6612 2.6438 2.6639 2.6391 2.6659 
Cc 2.6619 2.6586 2.6648 2.6644 2.6414 2.6600 2.6318 spoiled 
B 2.6653 2.6602 2.6628 spoiled 2.6401 2.6634 2.6226 2.6759 
A* 2.6613 2.6545 2.6552 2.6569 2.6305 2.6603 2.6055 2.6741 


*Lowest 
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Fig. 3 — Section near bottom of ingot 
made from briquette-treated melt, cast 
into dome-shaped mold at 270 C. The 
irregular, channel-like pores suggest 
the influence of shrinkage with poor 
feeding. Sodium hydroxide etch. 2X 


The contrast between the form of the pores which 
apparently were gas-generated, and that of the cavi- 
ties attributed to shrinkage is further emphasized in 
Fig. 5 and 6. There sections from the same position 
in ingots cast in the same mold with and without 
the briquette treatment, are shown at higher magni- 
fication. 

Table 2 presents densities measured at four levels 
in ingots from treated and untreated melts cast into 
cylindrical molds at four temperatures. The densities 
shown in Table 2 reveal that, with a given smelting 
and pouring practice, the density is influenced by 
the rate of cooling during solidification. The relation- 
ship between density and cooling rate is more quickly 
recognized in Fig. 7. The mean density of each ingot 
of Table 2 is plotted against the mold temperature. 
Metal poured from briquette-treated melts attained 
its maximum density with the slowest cooling. Metal 
poured from untreated melts was of highest density 
when it was most rapidly cooled.® 

This difference in behavior supports the conclusion 
that the porosity of the treated metal was attributable 
to the shrinkage attending imperfect feeding. It sug- 
gests that a mold providing good feeding and direc- 
tional solidification toward the feeder head should 


Fig. 4 — Section near bottom of ingot 
made from untreated melt, cast into 
dome-shaped mold at 270 C. The pre- 
dominant, round pores are attributed 
to the evolution of gas during solidifi- 
cation. Sodium hydroxide etch. 2X 
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permit the attainment of higher densities in castings 
made from briquette-treated metal. 

The spectrographic analyses reported in Table 3 
disclose that the magnesium content of the briquette- 
treated metal increased by about 0.006 per cent. It is 
not known whether that increase was due to inclusions 
of magnesium oxide, or to the solution of magnesium 
in the aluminum. 

The observed rise in the concentration of magnesium 
may not be considered objectionable in industrial 
practice. 


TABLE 3 — MAGNESIUM CONTENT OF CAST METAL 
MELTED WITH AND WITHOUT BRIQUETTE 








TREATMENT 
Jo 
Melt No. Treatment Magnesium Content 

1 None 0.0039 
0.0039 0.0036 
0.0030 

2 None 0.0033 
0.0025 0.0032 
0.0038 

3 Briquette 0.0106 
0.0098 0.0094 
0.0078 

4 Briquette 0.0080 


0.0097 0.0088 
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Fig. 5 — Section near bottom. of ingot made from briquette- 
treated melt, cast into dome-shaped mold at 270 C. Irregular 
forms of shrinkage cavities are revealed. Sodium hydroxide 
etch, 25X 
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Fig. 7 — Mean density of ingot (Table 2 vs mold temperature. 
Metal from briquette-treated melts (solid dots) was most dense 
after slowest cooling. Metal from untreated melts (open circles) 
was of highest density when rapidly cooled. 


CONCLUSIONS 


A significant portion of the hydrogen in molten 
aluminum can be removed by treatment with bri- 
quettes containing magnesium oxychloride weighted 
with corundum. 

The decomposition products of the briquettes make 
no objectionable addition to the aluminum. 


Hydrogen in Molten Aluminum 





Fig. 6 — Section near bottom of ingot made from untreated 
melt, cast into dome-shaped mold at 270 C. The rounded forms 
of gas-created pores are evident. Sodium hydroxide etch. 25X 


In the experiments reported, the porosity of the 
briquette-treated metal was largely attributable to 
shrinkage. The corollary is that higher densities could 
have been attained in the briquette-treated ingots 
had the feeding been adequate. Unless continued 
solidification toward the feeding head is realized 
(mairly through design of the mold), the beneficial 
effect of the flushing is masked by unsoundness. This 
results from shrinkage of the imperfectly fed casting. 
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INVESTIGATIONS ON THE EFFECT OF HEAT ON THE 
BONDING PROPERTIES OF VARIOUS BENTONITES 


B 


y 
Franz Hofmann* 


INTRODUCTION 


Determining green strength alone, as practiced for 
obtaining quality characteristics of bentonites, yields 
little knowledge on performance of such bentonites 
under operating conditions. Durability of bentonites 
in a particular system sand cannot be ascertained. 

These shortcomings led to this investigation. Re- 
sults disclose considerable variations of durability be- 
tween bentonites, differences which appear in practi- 
cal operation. 

This report also deals with comprehensive testing of 
bentonites for foundry uses, and with possibilities of- 
fered by differential thermal analysis. 

Bentonites are clays of predominantly montmorillo- 
nitic nature. They are a transformation product of 
glassy volcanic ashes, mostly of acid composition. 
The transformation of volcanic glass into clay may 
have reached various degrees. This transformation 
took place during or immediately after a volcanic 
eruption, and was influenced by eruption conditions 
such as the presence of steam and temperature. As a 
rule the ejected ashes were carried over long distances 
by the wind, deposited in stratas and imbedded by 
sedimentary deposits. 

One of the most important and typical properties 
of bentonites is their base exchange capacity. The 
relation bentonite-water in particular is influenced by 
the nature of exchangeable ions which saturate the 
clay. 


WESTERN-TYPE BENTONITES 


Bentonites which are predominantly calcium satu- 
rated correspond to the nonswelling southern type. 
Whereas bentonites which are sodium saturated ( west- 
ern type) swell to a high degree in water and form 
thixotropic, gelatine-like suspensions. 

Calcium and sodium bentonites are found naturally 
in the United States. The western type, particularly 
the bentonites of Wyoming and South Dakota, are 
naturally sodium saturated because the bentonitic 
volcanic ashes were deposited in the sea. 


®Head of Sand Research Laboratory, George Fischer Ltd., Schaffhausen, 
Switzerland. 
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Economically important deposits of western-type 
bentonite cannot be found in Europe and North Africa. 
This is because the conditions typical for the formation 
of Wyoming bentonite were missing. Therefore, all 
important and numerous bentonite deposits in the 
old world are specific nonswelling calcium bentonites. 

In Europe, the natural calcium bentonites are fre- 
quently converted artificially by base exchange into 
sodium bentonites, whether for foundry uses or other 
applications. One such application is drilling muds 
for oil exploration, where a high swelling capacity is 
important. 

For the transformation of calcium into sodium ben- 
tonite, sodium salts are used. By substitution of the 
clay bound calcium, these yield insoluble calcium 
salts. This means that the reaction takes place only 
in one direction. For practical purposes sodium car- 
bonate (Naz COs) is used as a rule up to 5 per cent 
for drilling muds. The base exchange takes place 
only in the presence of water as follows: 

Ca-bentonite + Naz COg = Na-bentonite + CaCOsg. 
FOUNDRY APPLICATION 


For foundry applications the soda addition should 
not be too high, because soda will increase the slag- 
ging tendency of the sand. Five per cent soda corre- 
sponds to the saturation of an exchange capacity of 
100 milliequivalents. 

The actual base-exchange capacity of ordinary ben- 
tonites with different origin varies little, but the speed 
of base exchange is different. There are calcium ben- 
tonites which, in a watery suspension and after addi- 
tion of soda, are converted within a few sec into a 
highly thixotropic gel. Other bentonites do not react 
at all under similar conditions. In these latter cases 
of slow base-exchange capacity, the exchange occurs 
only with boiling, drying, and rewetting. 

The bentonites with a slow base-exchange capacity 
have a coarse particle size distribution in their natural 
state. The structure of the volcanic glass ash is in 
evidence. The particles of montmorillonite are con- 
tained as coarse aggregates. The speed of base ex- 
change seems to be influenced by the dispersity, and 
by crystal structure and chemical composition. Only a 
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little information is available on this topic. The inves- 
tigation reported here will illustrate some of the re- 
lationships. 


TESTING METHODS 


Determination of Bonding Capacity 

To determine the bonding capacity of the benton- 
ites, investigated mixtures of standard testing sand 
with 5 per cent bentonite were used. A bentonite 
sample of 50 grams served for determining moisture 
content at 105 C. Subsequently, and for making the 
mixture, a quantity of undried bentonite correspond- 
ing to 5 per cent dry substance at 105 C was used. 
Every test mixture contained 2000 grams silica sand 
and 100 grams dry bentonite substance. The mixtures 
were prepared dry for one min and wet for 5 min in 
a laboratory muller. 

For every test three mixtures, differing in moisture 
content by about 1/2 per cent, were made in the 
range between too dry and too moist. The intermedi- 
ate mixture would correspond to correct temper mois- 
ture content. 

All mixtures were stored in sealed containers over- 
night, screened through a 6-mesh sieve immediately 
before testing and placed in the containers again. 

The next step consisted in determining the water 
content of each mixture with a sample of 50 grams. 
This was considered important, because bentonite mix- 
ture properties are strongly influenced by the water 
content. 

After the moisture content, the remaining proper- 
ties, particularly green strength, were determined. 
This resulted in functional curves showing the prop- 
erties concerned vs. water content. Dry strength was 
tested according to the AFS method. 


Term and Definition—Correct Temper Moisture Con- 
tent 


Molding sands with correct temper moisture content 
are neither too moist nor too dry. They are best 
suited for molding. Natural molding sands with high 
clay content have a wider moisture tolerance for 
correct temper than synthetic sands containing but 
a small amount of binder. These latter sands react 
strongly to small changes in water content in regard 
to strength, permeability and density. They feel too 
wet or too dry. This is true particularly for bentonite 
testing mixtures. 

The correct temper may be estimated accurately 
and reproducibly by feeling the three test mixtures of 
different moisture content by hand. The correct tem- 
per-moisture content may be determined in this way 
within 0.1 per cent. As a rule, this corresponds to 
the minimum bulk-density point at which the sand 
has the loosest formation at constant compaction work, 
and highest permeability. 

In this connection the work done by Dietert and 
Valtier’, Grim?, and Goetz’, should be mentioned. 
The properties at correct temper-moisture content 
may be derived graphically from the functional curves 
mentioned earlier. 

The correct temper of bentonite mixtures lies con- 
siderably on the wet side of the water content which 
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imparts maximum green strength. At this point, how- 
ever, the sand is too dry, difficult to ram and test, 
and too brittle for foundry use. 

The correct temper-moisture content for different 
bentonite types in the standard sand mixture may 
vary under identical testing conditions. Calcium sat- 
urated bentonites usually require more water than 
sodium bentonites to give the same feel of correct 
temper. Properties of different bentonites should not 
be compared at an arbitrary constant water content. 
For the comparison of bentonites only the properties, 
particularly bonding capacity, expressed by green 
strength measured at correct temper-moisture content 
should be considered. 

The correct temper-moisture content of the test 
mixture for different bentonites in this investigation 
will be indicated, as well the hygroscopicity of each 
bentonite. This is expressed in water content at room 
temperature and a relative humidity of 75 per cent. 
The hygroscopicity is closely connected to various 
properties of bentonites (Hofmann*) as will be seen 
from the results. 


Heat Treatment and Determination of its Influence 
on Bonding Capacity 

First, properties were determined depending on the 
water content of thermally-untreated bentonites. This 
gave the value of the properties concerned at correct 
temper-moisture content and at room temperature. 

Second, the whole quantity of the tested sand was 
dried at 100 C for 3 hr, and divided in 3 parts. Each 
part served for making a test mixture in the labora- 
tory mixer at different moisture content. This yielded 
the properties values at correct temper-moisture con- 
tent and 100 C. 

Third, the same quantity of sand was treated at 
200 C for 3 hr, divided and made into three mixtures 
of different moisture content in the laboratory muller. 
This gave the properties values at correct temper- 
moisture content and 200 C. 

This procedure was repeated for 300, 400, 450, 500 
C, and higher temperature to the point where the 
green strength of the sand was negligible after re- 
tempering. 

This method of thermal treatment of the whole 
sand-bentonite mixture and of repeated retempering 
was chosen to reproduce actual reconditioning in 
foundry operation. It was also possible to heat a con- 
stant quantity of bentonite alone at each tempera- 
ture, and to mix it afresh with standard testing sand. 
This procedure would not yield exactly the same 
results as the method described, because lack of the 
influence of repeated reconditioning in the laboratory 
mixer. 

Moreover, the effect is not the same if the untreat- 
ed bentonite is first mixed with the sand, or if the 
bentonite is first heated to 500 C and has lost a 
part of its plastifying capacity with water. In this 
connection, the author would like to point out the 
work done by Patterson and Boenisch® on the in- 
fluence of mixing on the bonding capacity. 


Differential thermal analysis (DTA) 
Differential thermal analysis is an important meth- 
od for investigating clay minerals. It consists of meas- 
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uring the temperature differences between a test sam- 
ple and a thermally-inert reference sample, both of 
which are simultaneously, uniformly, and continuously 
heated to 1000 C. Any change in the test material 
results in a consumption or generation of heat. The 
sample becomes cooler or warmer when compared 
with the reference substance. If both substances rise 
in temperature constantly no reactions are taking 
place. 

The endothermic or exothermic reactions are picked 
up by sensitive thermocouples placed in the speci- 
men and are photographically recorded by way of a 
galvanometer. Downward deflections of the DTA 
curves indicate endothermic reactions. Upward de- 
flections indicate exothermic reactions. In evidence 
are the reactions caused by the dehydration between 
100 and 200 C. Molecular water absorbed in the 
clay and held there by hygroscopicity is evaporated. 

The second endothermic reaction indicates loss of 
the OH-groups which are imbedded in the crystal 
lattice of clay minerals (crystal water). From this 
point rehydration, and the ability of the clay con- 
cerned to be plastified, is destroyed. 


TEST RESULTS 


Western vs. Southern Bentonite 


The author investigated a nontreated commercial 
western-type bentonite from Wyoming, and a south- 
ern-type bentonite from Mississippi. These bentonites 
display the properties with water given in Table 1. 

The bonding capacity is shown in Fig. 1. The west- 
ern-type bentonite has a high thermal resistance which 
decreases when heated above 600 C. The bonding 
capacity of southern-type bentonite starts to decrease 
gradually after a heating temperature over 100 C. 

The values for dry strength have the same trend 
as the green strength values. These are shown in 
Fig. 2. They do not differ fundamentally. 

The difference of thermal resistance is the char- 
acteristic distinction between western and southern 
bentonites. Southern bentonite has better shake-out 
properties due to a faster decrease of bonding capac- 
ity. Synthetic sands with southern bentonite burn out 
to a higher degree during the casting operation. Con- 
versely, the durability of sands with western bentonite 
is higher. Less bentonite is required to recondition 
such sands. 

Figure 3 shows the DTA curves found for both ben- 
tonites. The difference in thermal properties is evi- 
dent. With western bentonite the endothermic effect 
caused by loss of the OH-groups, and the final loss 
of bonding capacity occurs at 780 C. The decrease 
starts at about 650 C. With southern bentonite a con- 
tinuous decrease may be recognized starting at 400 
C, and ending at 720 C. 

These DTA-curves generally cover the curves of 
bonding capacity shown in Fig. 1 and 2. They indicate 
how well the effect of temperature and bonding ca- 
pacity is expressed. The bonding capacity is actually 
affected somewhat earlier than the deflections of the 
DTA curves. 

The quantity of bonding water required for correct 
temper of sand rises with increasing loss of bonding 
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TABLE 1 — BENTONITE PROPERTIES WITH WATER 








% % 
Western Southern 
Hygroscopicity 8.2 11.5 
Initial correct temper moisture content 2.1 2.0 





20 
PS! 
18 
16 
14 


12 


Green Strength 





0 100 200 300 400 500 600 700 °C 800 
Heating Temperature 

Fig. 1—Green strength vs. heating temperature for U.S. West- 

ern (Wyoming) and Southern (Mississippi) bentonite. 5 per 

cent bentonite, 3 rams, temper moisture content. 
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Fig. 2—Dry strength vs. heating temperature for U.S. West- 
ern (Wyoming) and Southern (Mississippi) bentonite. 5 per 
cent bentonite, 3 rams, 105 C, 2 hr. 
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Fig. 3—Differential thermal analysis curves for U.S. Western 
and Southern bentonite. 
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capacity. Figure 4 shows this relation for both Amer- 
ican bentonites investigated, and indicates that the 
green density for three rams changes simultaneously. 
This figure makes clear to what extent rammed mold- 
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Fig. 4—Temper moisture content vs. heating temperature for 
U.S. Western (Wyoming) and Southern (Mississippi) bentonite. 
5 per cent bentonite; moisture content after retempering heat 
treated test mixture. 
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Fig. 5—Green strength vs. heating temperature, investigated 
for Swiss bentonite: n = natural state, Na = treated with 
3 per cent sodium carbonate, K = treated with 4 per cent 
potassium carbonate. Wyoming bentonite shown as reference 
material. 5 per cent bentonite, 3 rams, temper moisture. 
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Fig. 6—Dry strength vs. heating temperature, investigated 
for same bentonites as with Fig. 5. 105 C, 2 hr. 


TABLE 2 — SWISS BENTONITE PROPERTIES WITH 
WATER 








% % % 
natural Sodium Potassium 
treated treated 
Hygroscopicity 15.0 9.0 8.0 
Initial correct temper 
moisture content 2.6 2.3 2.3 
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ing sands properties are a result of the relationship 
between water content and green density (Gotz*). 


Swiss Bentonite 


The Swiss bentonite used is, in the natural state, 
of coarse particle-size character. It is a nonswelling 
Ca-bentonite. A pipette analysis showed about 10 
per cent particles finer than 20 microns. 

For the purpose of this work, the author investigat- 
ed the bonding capacity of this bentonite in its natu- 
ral state. This test was made after treatment with 
3 per cent sodium carbonate (Naz COs), and treat- 
ment with 4 per cent potassium carbonate (K2 COs). 
In a watery suspension this bentonite did not react 
after adding the alkaline salts. It has a slow base ex- 
change capacity. Only after heating the suspension 
with alkaline carbonate is it transformed into a sodi- 
um or potassium bentonite. 

The suspension treated with sodium or potassium 
carbonate was evaporated at 100 C. The residue was 
then rewetted and dried again. After this treatment 
the sodium bentonite obtained corresponded to a typ- 
ical high-swelling western-type bentonite, although 
swelling capacity is not as high as that of Wyoming 
bentonite. 

The bentonite types investigated show the proper- 
ties with water given in Table 2. 

Hygroscopicity is reduced by alkaline treatment as 
well as quantity of water required for correct temper. 
This is in despite of the higher swelling capacity. So- 
dium bentonites swell only in an abundance of water. 
The sodium treatment causes the individual particles 
to be finely dispersed, and to reject each other in a 
watery suspension. They form a thixotropic gel, where- 
as calcium ions cause a coagulation of the bentonite 
particles. Nevertheless, calcium bentonites are stronger 
hydrated than the sodium bentonites without a sur- 
plus of water. This has also been found by R. E. 
Grim*: 

“Numerous investigations have brought out the interest- 

ing fact, that Na montmorillonite, on ing at room 

temperature, tends to develop a single water layer be- 
tween the silicate layers and that Ca montmorillonite 
under the same conditions tends to develop two water 
layers, whereas, at high relative humidities and in 
presence of an abundance of water, Na montmorillonite 
absorbs by far the larger quantity of water.” 

To find the correct bonding temper of a foundry 
sand, the bonding bentonite does not require a water 
surplus. It requires an amount of water corresponding 
to approximately one-half of the bentonite weight. In 
this case swelling capacity has no effect. 

On the other hand, swelling capacity plays its part 
in a bentonite slurry. In this case only 10 per cent 
sodium bentonite may be suspended in water, if 
this suspension is to remain liquid. Forty per cent 
calcium bentonite may still produce a slurry which 
can be poured well. 

The influence of alkaline treatment on bonding 
capacity is shown in Fig. 5 and 6. An untreated Swiss 
bentonite reacts practically in the same manner as 
the American southern bentonite. Sodium treatment 
does not cause a decisive increase of the temperature 
to where the final loss of bonding capacity occurs. The 
rate of loss of bonding capacity of the natural ben- 
tonite is improved by sodium carbonate. Dry strength 























F. Hofmann 


is not essentially altered by sodium. In contrast, potas- 
sium carbonate causes a drop in green strength and 
dry strength. The residual bonding capacity is main- 
tained over a large range with decreasing tempera- 
ture. 

The DTA-curves in Fig. 7 show that the point of 
final destruction of bonding capacity cannot be shifted 
by alkaline treatment. The continuous decrease of 
bonding capacity with natural bentonite, and the 
improvement of its behavior by sodium treatment, 
clearly affect the trend of the curves. The difference 
in thermal resistance expresses itself in a typical 
manner in comparison to the DTA-curves in Fig. 3. 


Mediterranean Bentonite 1 


Similar to Swiss bentonite, Mediterranean bentonite 
in its natural state is a nonswelling southern-type ben- 
tonite of brown color. It has a lower rate of base 
exchange, and only by repeated evaporation and re- 
wetting may be converted into a sodium bentonite 
of medium swelling capacity. 

With water Mediterranean bentonite has the char- 
acteristics given in Table 3. 

Figure 8 and 9 show the behavior of bonding ca- 
pacity of Mediterranean bentonite corresponding to 
data in Table 3. 

The rate of loss of the initial high green strength 
is high with rising temperature as it is with Swiss 
bentonite. By sodium treatment this loss rate is some- 
what diminishing without the final temperature of 
destruction raised. The influence of sodium treatment 
is less convincing with this bentonite of slow base 
exchange capacity. Correspondingly, the DTA-curves 
(Fig. 10) hardly differ. 


Mediterranean Bentonite 2 


This bentonite in natural state is a nonswelling 
type also. In contrast to the Mediterranean type 1, 
and Swiss bentonite, it has a naturally fine particle- 
size character. It distinguishes itself by having a high 
speed of base exchange. If 3 per cent sodium carbonate 
is added to a well-pouring suspension of this type 
natural bentonite, the conversion to sodium bentonite 
takes place within a few sec. A stiff gel is formed 
from a liquid suspension. 

Properties of this bentonite with water are those 
given in Table 4. 

Figure 11 and 12 show that even in the untreated 
state the drop in bonding capacity of this bentonite 
with increasing temperature is not as marked as with 
the bentonites described in Figs. 5 through 10. By 
sodium treatment, thermal resistance and absolute 
strength values are lifted to a level so that this ben- 
tonite does not differ essentially from an American 
western-type bentonite. 


Mediterranean Bentonite 3 


Of all bentonites investigated, this type has the 
highest speed of base exchange. This results in having 
the highest swelling capacity. By nature, this almost- 
white bentonite has a fine particle-size character, 
and is nonswelling. 

With water, it shows properties given in Table 5. 
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The bonding capacity of this bentonite performs 
well in the untreated state with rising temperature. It 
is improved by_sodium treatment. The temperature of 


TABLE 3 — MEDITERRANEAN 7 a NO. 1 
PROPERTIES WITH WATE 





%o 





% 

natural Sodium 

treated 
Hygroscopicity 15.1 11.8 
Initial correct temper moisture content 2 2.1 
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Fig. 7—Differential thermal analysis curves for Swiss benton- 
ite: n = natural state, Na = treated with 3 per cent sodium 
carbonate, K = treated with 4 per cent potassium carbonate. 
Curve of Wyoming bentonite shown as reference. 
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Fig. 8—Green strength vs. heating temperature, investigated 
for Mediterranean bentonite 1: n = natural state, Na = 
treated with 3 per cent sodium carbonate. Wyoming bentonite 
shown as reference. Five per cent bentonite, 3 rams, temper 
moisture content. 


TABLE 4 — MEDITERRANEAN BENTONITE NO. 2 








PROPERTIES WITH WATER 
% % 
natural Sodium 
treated 
Hygroscopicity 6.5 6.2 
Initial correct temper moisture content 2.4 2.2 
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Fig. 9—Dry strength vs. heating température, investigated for 
same bentonites as with Fig. 8. 105 C, 2 hr. 
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Fig. 10—Differential thermal analysis curves of Mediterranean 
bentonite 1; n = natural state, Na = treated with 3 per 
cent sodium carbonate. Curve of Wyoming bentonite shown 
as reference. 
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Fig. 11—Green strength vs. heating temperature, investi- 
gated for Mediterranean bentonite 2: n = natural state, 
Na = treated with 3 per cent sodium carbonate. 5 per cent 
bentonite, 3 rams, temper moisture content. Wyoming benton- 
ite shown as reference. 
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Fig. 12—Dry strength vs. heating temperature, investigated 


for same bentonite as with Fig. 11. 105 C, 2 hr. 
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Fig. 13—Differential thermal analysis curve of Mediterranean 
bentonite 2: n = natural state, Na = treated with 3 per 


cent sodium carbonate. Curve of Wyoming bentonite shown 
as reference. 
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Fig. 14—Green strength vs. heating temperature, investigated 
for Mediterranean bentonite 3: n = natural state, Na = 
treated with 3 per cent sodium carbonate. 5 per cent benton- 
ite, 3 rams, temper moisture content. 
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final destruction of bonding capacity remains unal- 
tered in this case (Fig. 14 and 15). The conversion 
into a sodium bentonite (as in the previous cases) 
does not essentially change the dry strength. 

Corresponding to the similar performance of bond- 
ing capacity depending on temperature, the DTA- 
curves of untreated and treated bentonite do not 
differ (Fig. 16). 


CONCLUSIONS 


The investigations of the author bring the follow- 
ing conclusions to light. They are important for the 
performance knowledge of bentonites as bonding 
agents for foundry sands. 

1. Bentonites of various types may have different ther- 
mal resistance (durability, life). 

2. By ion exchange, in particular by conversion of 
calcium bentonites into sodium bentonites by acti- 
vation with sodium carbonate, the bentonite can- 
not be fundamentally changed. The temperature 
of final destruction of bonding capacity remains 
unaltered. In most cases, the rate of loss of bonding 
capacity depends on temperature. 

3. Bentonites with high ion exchangeability have a 
higher thermal resistance than bentonites with low 
ion exchangeability. 

4. Swelling capacity of sodium bentonites is not an 
essential property for use as a foundry sand binder. 
A high swelling capacity of sodium bentonites in- 
dicates a high thérmal resistance. 

5. The thermal resistance may be determined in a 
definite manner by differential thermal analysis. The 
position of the second endothermic deflection indi- 
cates the temperature of final destruction of bond- 
ing capacity and recovery properties. A gradual 
decrease of bonding capacity with rising tempera- 
ture affects the trend of the DTA-curves by differ- 
ential thermal analysis. The character of a ben- 
tonite may be determined within 2 hr. The 
investigations of the thermal resistance with test 
mixtures require tests lasting several days. 

6. Green strength of bentonites in the state as deliv- 
ered tells little about the life of the binder in 
question. Bentonites with high initial green strength, 
but poor heat resistance, are less economical in 
the long run in a system sand than bentonites 
with moderate bonding capacity and high thermal 
resistance. The results of these investigations ex- 
press the practical experience with Wyoming ben- 
tonites in the foundry. 

7. Natural nonswelling calcium bentonites with a 
high rate of ion exchange may, particularly after 
activation with sodium carbonate, be equivalent to 
natural western-type bentonites. Bentonites with 
high initial green strength usually have poor heat 
resistance. 

8. Southern bentonites losing bonding capacity early 
by heating impart good collapsibility to a sand 
and easy shake-out properties. 

9. Shake-out properties and collapsibility are not a 
function of dry strength, but of heat resistance 
and of loss of bonding capacity. For dry molding 
practice, western-type bentonite is recommended. 
Bentonites with quick-base exchange behavior give 


high dry strength. 
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TABLE 5 — MEDITERRANEAN BENTONITE NO. 3 
PROPERTIES WITH WATER 








% 
natural Sodium 
treated 
Hygroscopicity 78 7.5 
Initial correct temper moisture content 2.5 2.1 
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Fig. 15—Dry strength vs. heating temperature, investigated 
for same bentonites as with Fig. 14. 105 C, 2 hr. Wyoming 
bentonite shown as reference. 
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Fig. 16—Differential thermal analysis curves of Mediterranean 
bentonite 3: n = natural state, Na = treated with 3 per 
cent sodium carbonate. Curve of Wyoming bentonite shown ° 
as reference. 
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GATING AND RISERING SHELL-MOLD PATTERN EQUIPMENT 


D. C. Kidney* 


Gating and risering problems confronting the pat- 
tern shop are numerous and diversified. In addition 
to designing the pattern equipment, it is, in most 
cases, the patternmaker’s duty to gather pertinent 
information about the casting. He must co-ordinate 
the facts so the end result will be a pattern and 
gating system for production of sound castings. 

This paper does not propose a cure-all for gating 
problems. It points out some basic principles which, 
combined with common sense and clear thinking, 
should result in improved shell-mold gating and riser- 
ing practice. 

Aluminum, cast iron, brass, and ductile iron shell 
castings are all a part of our daily production. Cast- 
ings range in size from one ounce to 15 Ib. Sectional 
areas vary from 3/82-in. to 1 in. 

The design of the castings we produce, such as 
train control devices, decelostats for passenger trains 
and aircraft, brake valves, and controls used by the 
railroads, demands that they be sound and air tight. 
Effective gating and risering require changes in the 
original design, and sometimes takes precedence 
over dimensional accuracy. 

Since the inception of shell molding in our plant, 
we have built approximately 150 sets of shell patterns. 
Of this group 110 remain active and have been in 
production during the past year. 

Patterns for use in our operation are made from 
either aluminum or cast iron. Production requirements 
govern the selection of pattern material. Experimental 
and short-run patterns are made from aluminum, while 
high production runs require the use of cast iron 
equipment almost exclusively. 

Warping of plates, rapid wear of surfaces at right 
angles to the parting, and reduced strength of mate- 
rial due to constant reheating, discourage the use of 
aluminum for extended runs. On the other hand, 
cast iron equipment is wear-resistant. Plates, when 
properly annealed, retain their original accuracy. Our 
pattern plates make a maximum size 20-in. x 30-in. 
shell, ranging down to a minimum size of 10-in. x 15-in. 

About 80 per cent of our plates make 15-in. x 
20-in. shells. This size is considered our standard, 
and used whenever practical. 

Pouring tables filled to a depth of three or four 
in. with a coarse grain sand permit the bedding-in 
and weighting-down of shells with a minimum 


*Foreman, Pattern Shop, Westinghouse Air Brake Co., Wil- 
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amount of effort. Gas and heat are allowed to escape 
rapidly through the open sand. Although many 
foundries are successfully backing up shells and using 
vertical gating, we have limited our operation almost 
exclusively to horizontal pouring. 

As design and process engineers become more fa- 
miliar with improved surface finish, and closer tol- 
erances can be obtained in shell molding, inquiries 
about and demands for shell castings will increase. 
This growing demand for castings of this type makes 
it evident that the pattern shop and foundry must 
acquire the know-how to produce them. 

Quality control requires rigid inspection of all shell 
castings. They must be sound, dimensionally accurate, 
and of good appearance. Proper design of patterns 
and gating is necessary to achieve these standards. 
These facts should be considered with the initial 
inquiries concerning shell-mold castings and equip- 
ment to produce them. 


PLANNING GATING SYSTEM 


In planning the gating system, careful considera- 
tion must be given to the pattern parting. A minor 
change in the parting line may create a better location 
for gates and risers. It is important to choose a parting 
so the removal of flashing or fins will be a simple 
operation. 

If gates or risers must be cut, they should be placed 
where projections on the casting will not obstruct a 
straight-through cut-off operation. Ample space should 
be allowed between all parts mounted on the shell 
plate to accomplish this. This provides a better sur- 
face for applying the bonding agent, reduces surface 
deformities due to swells, and helps eliminate thermal 
cracks and break-outs in the shell. 

Close cooperation of foundry personnel is required 
to eliminate much of the trial and error sometimes 
necessary to achieve satisfactory results. During the 
planning stage the patternmaker should consult the 
foundry representative. He should point out areas of 
the casting that may give trouble. A record of gating 
arrangements agreed on should be kept on file for 
future reference as this provides a ready source of 
information, and helps to avoid duplication in the 
future. 

Estimated pattern costs that are too high are some- 
times a result of uncertainty regarding the gating 
arrangement and the possibility of making expensive 
changes. High equipment costs often influence the 
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designer to change to another method of manufacture. 
Careful planning in the initial stage will eliminate 
this need and keep estimates more in line with ac- 
tual costs. 


DESIGNING SHELL GATING 


In designing successful shell gating, careful con- 
sideration must be given to pouring time. Mold cavi- 
ties must be rapidly filled with molten metal. This 
increases the time between beginning of solidification 
and break-down of the shell, and tends to reduce or 
avoid swells in many types of castings. 

Estimating the weight of casting per mold will 
aid in pre-determining the pouring time. Our pour- 
ing times are based on using a standard sprue and 
runner. Previous shell mold production was checked. 
Pouring times are controlled by adjusting the chokes 
in the runner system. 

Gates and risers can be made from a number of 
materials. It is preferred to have the gating system 
made from the same material of which the mounting 
plate is composed. Loosening of gates and risers, 
spreading or opening of joints, and increased mainte- 
nance result from using material for gates and risers 
that differ from that of the pattern plate. 

A few standard sprues made from a wear-resistant 
material with good heat transfer qualities, such as 
cast iron or hard copper, will do for the shell opera- 
tion. The shell operator will change sprues from one 
plate to another. 


SPRUE AND RUNNER BASINS 


Basins used at the base of the sprue and runners 
for the various metals poured can be made standard 
and kept in stock. 

If the gating system is made of component parts, a 
good fit at all joints is essential. Complicated gating 
systems require much less maintenance if cast in one 
piece. 

Whenever possible, it is advisable to use the master, 
or one of the working patterns, to make a sample 
green-sand casting. This is a good check for planned 
gating and risering. Ingates, chokes, and risers should 
be made larger than necessary. Removal of excess 
material is a simple matter if an alteration in the 
gating system is required. 

The patternmaker should have a general knowledge 
of gating for the various castings the foundry pro- 
duces. For aluminum castings a standard 2-in. diam- 
eter sprue is used. A perforated steel strainer 2-1/2- 
in. in diameter, 0.012 in. thick, with perforations 0.076 
in. in diameter, and having about 118 holes per sq 
in., is placed in the shell at the base of the sprue. 
A piece of sheet metal 1/2-in. larger in diameter than 
the sprue forms the impression for the strainer. 

Metal passes through the strainer into a basin in 
the bottom half of the shell and back up into the 
cope. It passes through an area created by overlap- 
ping projections on the basin with the cope runner. 
The basin at the bottom of the sprue aids in smooth- 
ing the flow of metal. 


USE OF GATES 


Use of several gates, where possible, assists in the 
even distribution of metal, and permits pouring at 
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lower temperatures. Where practical, gating through 
risers will assure the soundness of the casting. To in- 
sure proper feeding of a casting the risers should be 
designed and arranged in the gating system so they 
are the last part of the mold to solidify. Having them 
connected directly to the runner insures that they 
will be the last to be filled with hot metal. 

Blind risers, not connected directly to the runners, 
and top risers should be opened to the atmosphere. 
Our experience indicates that opening risers results 
in better feeding of nonferrous castings. Flat, thin 
castings should be gated with as many fingers as 
practical and poured at reduced temperatures. High- 
pouring temperatures tend to cause rough surfaces 
directly in front of the ingates. 

Objectionable flow marks that are often evident on 
aluminum shell castings can be minimized by making 
finger gates larger than necessary to run the casting. 
All aluminum casting gating systems should be ade- 
quately choked at the base of the sprue to reduce 
pressure in the runner and gates. Choking, plus the 
use of a perforated screen, will eliminate dross inclu- 
sions in the castings. 

The zinc that is present in most brass and bronze 
tends to produce dross inclusions. To control these 
inclusions a strainer core is recommended for use at 
the base of the standard sprue. This chokes the sprue 
and reduces dross inclusions in castings. 

Metal in the gating system should be free flowing. 
This can be greatly improved by avoiding abrupt 
changes in. direction and use of generous radii at 
critical points. To help eliminate agitation of metal, 
free drop into ingates and mold cavities should be 
reduced as much as possible. 

Castings that require a minimum of feeding can 
be fed soundly by backing up the ingates to the top 
of the runner. Backed-up gates and risers should be 
placed as close to the casting as possible as this 
improves feeding action. Side and top risers are used 
to feed heavy sections that cannot be fed by the 
runner. Risers not connected directly to the runner 
should be opened to the atmosphere. This seems to 
help in feeding the casting. 

For light castings, an overflow opposite the ingate, 
and open to the atmosphere, will help avoid misruns 
by permitting trapped gas to escape. Gating into 
sections not too heavy should be done, as well as 
feeding from these gates. When extremely heavy sec- * 
tions are encountered, separate risers should be added 
to feed the critical areas. 


PRESSURE-TYPE GATING 


The direct pressure-type gating system is generally 
used for cast iron. This type of gate requires the 
area of the runner to be greater than that of the 
ingates. Special attention must be given heavy sec- 
tions to eliminate shrinkage. Direct, or top, risers are 
nearly always used to avoid trouble in these areas. 
Side risers, although not as effective, may be used 
where top risers are not practical. 

A basin is placed at the bottom of the sprue to 
aid in subduing turbulence. Flat, or knife, gates seem 
to give the best results in nearly all applications. 
Ingates are placed in the cope permitting a smoother 
flow of metal by eliminating cross-over. 
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Free drop into mold cavities should be eliminated 
as much as possible by causing metal to flow over the 
contour and gradually fill deeper parts of the mold. 
It must be kept in mind that ingates should be large 
enough to avoid spurting action, and small enough 
to choke the runner. In by-passing that last ingate 
with the runner, a good trap is formed for any inclu- 
sions entering the shell with the initial surge of metal. 

In addition to the conventional pressure-type gate, 
the Connor block can be used in many applications. 
Although its use is limited, there are many possibili- 
ties for it. It is particularly adaptable to flat-back 
castings of small size. The block which is either 
square or rectangular is placed entirely in the cope 
and overlaps the edge of the mold cavity 1/16-in. 
Increasing the overlap to more than 1/16-in. frequent- 
ly results in pin holes in that area. 

The usual method is to use the standard sprue and 
runner with ingates entering the block at right angles 
to the runner. The size of the block should be ap- 
proximately one-third the mass of the casting. It is 
good practice to make the block larger than necessary 
in order to assure enough pressure to fill the mold 
cavity. 

In some instances, the runner may be used as a 
Connor block. This is done by extending projections 
the same height as the runner at right angles to the 
initial flow of metal, and overlapping each pattern 
the required amount. Castings are easily removed from 
this gate leaving a small indentation at the location 
of the overlap. Variations of this type gate are many 
and limited only to casting design. 


Direct- and Indirect-Pressure Type 


Both direct and indirect pressure type gates are 
used for ductile iron. We use our standard 2-in. 
sprue. A basin 2-in. in diameter, and 1-1/4-in. deep 
is placed at the bottom of it. The runner and in- 
gates are placed in the cope to aid in trapping slag 
and reducing turbulence. 

The portion of the runner attached to the sprue is 
the choke area. Immediately after the choke area is 
a slag trap. The slag trap is usually about three times 
as high as the runner, and about twice as long as 
the choked area. 

Following the trap, the runner is choked once 
more as added protection against inclusions. In the 
direct-pressure method of gating, ingates enter the 
mold cavity directly from the runner. In the indirect- 
pressure type of gate an ingate from the runner enters 
a riser which feeds the casting. 

The height of runners will vary in ductile iron 
gating depending on the size of the ingates. Where 
they are attached to the casting, ingates and risers 
should be kept open. Necking down these areas in- 
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variably results in shrinkage. Side risering is the 
most effective method of feeding heavy-sectioned 
ductile iron castings, and usually simplifies the cut- 
off operation. 

The majority of ductile iron gates and risers must 
be removed by chipping or cutting off. These are 
expensive operations in the foundry cleaning rooms, 
so careful consideration should be given the selection 
of the area to which gates and risers will be attached. 


PLACING GATES AND RISERS 


Placing of gates and risers where a_ projection 
on the casting might obstruct a straight cut-off op- 
eration, should be avoided. A simple, straight- 
through operation should be provided. This will tend 
to avoid scrap by helping to eliminate the possibility 
of cutting into the casting itself. 

The Connor-block riser may be used effectively for 
light, flat-back ductile iron work. The advantage of this 
type gate or riser is the reduction of cleaning costs 
due to the easy removal from castings. 


SUMMARY 


When designing or building a gating system for 
shell patterns, it would be well to keep these facts 
in mind: 

1. Whenever possible, work closely with the 

foundry in planning the equipment. 

2. Make a trial run in green sand. This will allow 
corrective action to be taken before an expensive 
gating arrangement is assembled. 

8. Standardize as many items as possible such as 
sprues, basins, runners, and strainer gates. Stand- 
ardization here can result in work simplification 
and substantial savings in pattern equipment. 

4. To smooth the flow of metal, avoid crossing 
over ingates with the runner. 

5. Place a basin at the bottom of the sprue. This 
reduces turbulence and aspiratory action. 

6. Extend runners past ingates to form a bypass 

to trap inclusions. 

. Round corners on gates and runners with sub- 
stantial radii for additional mold strength. 

8. Avoid excessive free drop of metal into gates 
and mold cavities. 

9. Arrange the gating system to permit short pour- 
ing times. 

10. Do not crowd patterns and gates. Use material 

_for gating that is compatable with the mounting 
plate. 

With the use of a few basic principles, cooperative 
action with the foundry, and some careful thought, 
much trial and error can be eliminated. Many gating 
problems can be solved in the pattern shop before 
production begins. 
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SODIUM SILICATES FOR THE COz PROCESS 


By 


E. A. Lange* and R. E. Morey* 


ABSTRACT 

The chemistry of the CO2-Sodium Silicate Process 
for bonding foundry sand was investigated with partic- 
ular attention given to the composition of the sodium 
silicate, CO utilization, and drying procedures. 

The rate at which strength develops with COz is de- 
pendent on the Si02/Na2O ratio of the sodium silicate. 
The maximum strength developed with COz, is depend- 
ent on the Si02/H2O ratio of the sodium silicate and 
can be as high as 500 psi. Drying ungassed sand mix- 
tures will produce strengths in excess of 2000 psi. But 
the dry strength of sand which has been gassed with 
COz is dependent upon the composition of the sodium 
silicate and the gassing time; dry strength can be less 
than the gassed strength. 

The amount of COs necessary to develop maximum 
gassed strength is that required to increase the SiOQo/ 
Na2O ratio of the sodium silicate to 4. However, at low 
COz flow rates the sodium silicate will absorb an amount 
of CO. equivalent to 1.0 to 1.5 times the amount of 
Na2O present. The efficiency of the CO: gassing proc- 
ess can be greatly increased by diluting the CO2 with air. 


INTRODUCTION 


Sand mixed with sodium silicate solutions can be 
hardened by exposure to COz in a matter of seconds. 
This short time required to develop a level of strength 
sufficient for molds and cores is a most important 
advantage over conventional methods which require 
hours of baking time. For a great many applications 
of this CO. process a rammed core or mold can be 
prepared in a matter of seconds rather than minutes 
or hours and without a baking period. Many tech- 
niques using commercial formulations have been de- 
scribed 1:3, but the inherent flexibility of the process 
can only be utilized by foundrymen having a knowl- 
edge of the importance of the parameters involved. 

It was the purpose of this investigation to deter- 
mine the strength characteristics of the sand mixture 
that are related to the composition of the sodium 
silicate solution and to evaluate such factors as mix- 
ing order, CO, flow rate, and drying techniques. 


CHEMISTRY OF THE CO: PROCESS 


The most important material involved in the CO2 
process is the bonding agent, so it is appropriate to 
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briefly discuss the composition and physical properties 
of commercial sodium silicate solutions using the meth- 
od of manufacture as a starting point*. - 

The most common method for manufacturing solu- 
ble sodium silicates is to heat mixtures of sodium 
carbonate and silica sand in open hearth type fur- 
naces. The sodium carbonate begins to decompose 
at 730 F and COz gas is driven off. Fusion of the 
resulting soda with the silica sand occurs about 1380 
F. But the temperature is slowly raised to 2550 F 
to complete the reaction in a short period of time 
and produce a fluid molten glass. The molten glass is 
then either quenched directly into water and slowly 
dissolved at atmospheric pressure, or chilled to a solid 
and subsequently dissolved in water under 100 psi 
steam pressure. Both dissolving methods require close 
control. 

Sodium silicate solutions having viscosities compar- 
able to the viscosities of light to heavy syrups and 
also some solid hydrates, are produced from glasses 
with SiO2/Na2O ratios from 1.6 to 3.75. Solid hy- 
drates of low ratio sodium silicates dissolve quite 
readily, but solid hydrates of high ratio silicates and 
anhydrous glasses dissolve very slowly at atmospheric 
pressure. 

The relationships between the density and the com- 
position of sodium silicate solutions have been exten- ° 
sively investigated. Knowing any two of the four 
factors (per cent sodium oxide, per cent silica, density, 
or SiO2/NazO ratio) the other factors can readily 
be determined by means of the graph in Fig. 1. The 
relationships in Fig. 1 are valid only for 68 F as the 
density is affected by temperature. Density determina- 
tions with hydrometers require special care to avoid 
having any of the heavy liquid on the stem of the 
hydrometer above the measuring surface. 

The physical chemistry of sodium silicate solutions 
is related to the amount of material that dissociates 
as ions and the amount that exists as a colloid. Vapor 
pressure is a property that is very sensitive to the 
degree of subdivision of solutes, and comparisons of 
the vapor pressures of sodium silicate solutions can 
be used to indicate the colloidal nature of the vari- 
ous sodium silicates. 
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The curves in Fig. 2 show that high ratio sodium 
silicate solutions contain more colloidal material than 
low ratio sodium silicate solutions because the vapor 
pressure of the former solutions is less affected by 
increasing concentration than the latter solutions. The 
cloudy appearance of sodium silicate solutions is also 
indicative of the presence of colloidal particles. Much 
of the sodium silicate in commercial solutions is truly 
in solution, however, and chemical reactions with 
acids are basically ionic in nature and very rapid. The 
overall reaction rate between CO, gas and viscous 
sodium silicate solutions may be slow, however, due 
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Fig. 1—Relationship between density (°Be’) and composition of 
sodium silicate solutions at 68 F. 
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Fig. 2—Illustrating the colloidal nature of sodium silicate 
solutions by reduction in vapor pressure. 
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The CO2 Process 


to the great increase in viscosity which decreases the 
rate of diffusion. 

The curves in Fig. 3 illustrate the relationship be- 
tween viscosity and concentration of sodium silicate 
solutions having various SiO2/Na2O ratios. It can 
readily be seen that the viscosities of high ratio so- 
dium silicate solutions rise much faster with increas- 
ing concentration than do the viscosities of low ratio 
sodium silicate solutions. The moisture content of the 
sand, addition of hygroscopic materials, and loss of 
small amounts of water during mixing would thus 
be more critical when using high-ratio sodium silicates 
than when using low-ratio sodium silicates. The curves 
terminate with a SiO2./Na2O ratio of 4.0 as solutions 
having SiO2/NazO ratios greater than 4.0 are either 
unstable liquids or gels at all concentrations. 

The addition of NagCO; to sodium silicate solutions 
in the proportion which would be obtained from ab- 
sorption and reaction with CO2 would not in itself 
cause a notable increase in viscosity. 

The addition of acids, such as carbonic acid from 
the solution of COz gas in effect increases the SiO./ 
NazO ratio by immobilizing some of the Na2O as 
NazCO; which causes a drastic change in viscosity. 
The change in viscosity is attributed to aggregation 
of the silica particles into larger and larger particles 
which retain quantities of sodium ions and tend to re- 
main in solution. Eventually, the aggregates gel and 
the gels by themselves tend to give off water by a 
process called syneresis which can occur over a period 
of hours or days depending on the conditions. 

The quantity of CO. necessary to change the vis- 
cosity of a sodium silicate solution which is initially 
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Fig. 3—Illustrating the effect of concentration on viscosity of 
sodium silicate solutions. 
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less than 100 poises to a viscosity of 10,000 poises, 
equivalent to the viscosity of a stiff tar, depends 
upon the composition of the sodium silicate solution. 
Solutions of low-ratio sodium silicates require more 
COz than solutions of high-ratio silicates, both having 
the same initial viscosity. These composition and vis- 
cosity changes can best be visualized with the aid 
of a triangular plot of the three constituents of the 
solutions, Fig. 4, giving the nature of the solutions 
in the various regions. 

The composition change due to a reaction with an 
acid will follow on a line drawn from the NasO 
corner through the initial composition point. The addi- 
tion or removal of water to a solution will cause the 
composition to change along a line drawn from the 
H.O corner through the initial composition point. 
It can be seen that very high viscosity solutions can 
be obtained by either a reaction with an acid or by 
removal of a small amount of water, but the glasses 
can only be obtained by appreciable reduction in 
water content. 

The addition of sugars to sodium silicate solutions 
used for bonding core sand is common practice. The 
sugars act as hygroscopic agents and reportedly aid 
in the breaking of the silicate bond after exposure to 
molten metal temperatures. Common sugar (cane or 
beet) is sucrose having the formula C;2 H220::. 

Invert sugar is a 50-50 mixture of dextrose 
and levulose both having the formula C,gH20¢. In- 
vert sugar is generally made by hydrolyzing sucrose 
with an acid which splits the sucrose molecule and 
adds one molecule of water. Three types of liquid 
invert sugars are marketed which have different pro- 
portions of invert sugar. 

The range of compositions for each type of invert 
sugar and sucrose sugar are given in Table 1. Several 
grades depending on color and purity are marketed. 
Liquid sugars having a low pH value or containing 
an excessive quantity of salts tend to react with 
sodium silicate solutions. This drastically limits the 
storage life of a proposed mixture of sugar and silicate. 
However, mixtures which are used immediately can 
probably utilize the lower grade, less costly sugars. 

Liquid sugars of the medium invert type contain 
the highest quantity of solid material without crys- 
talizing at ambient temperatures, and are hygroscopic. 
These two properties make medium invert sugars the 
most desirable type for use as addition agents to 
sodium silicate solutions. Sugars do not directly enter 
into the aggregation reaction of sodium silicates and 
do not influence the rate of reactions’. The effect of 
their presence, in so far as the COz reaction is con- 
cerned, is purely one of dilution of the sodium sili- 
cate without the deleterious effects produced by an 
equivalent amount of water. 


MATERIALS AND APPARATUS 


The materials used for this investigation were: com- 
mercial grades of sodium silicate solutions, chemical 
compositions listed in Table 2; a silica sand, screen 
distribution listed in Table 3; and a medium invert 
liquid sugar containing 76 per cent solids with a 
density of 11.6 lb per gallon. A schematic diagram 
of the CO gassing apparatus is shown in Fig. 5. The 
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CO, flow rates were measured by means of calibrated 
rotometers. 

A high flow rate, 0.3 cfm, was used for the experi- 
ments conducted to determine the overall reaction 
rate of the various sodium silicate solutions. A low 
flow rate, 114 cc per min., was used for the experi- 
ments conducted to determine the amount of CO: 
utilized when the reaction rate was not a controlling 
factor. For a 155 gm sand sample the high flow rate 
was equivalent to 11 wt per cent per/min and the 
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Fig. 4—Physical characteristics of sodium silicate solutions. 


TABLE 1 — COMPOSITION OF LIQUID SUGARS 








Type of Total Solids Content, Invert Sugars, 
Liquid Sugar Jo % of Solids 
Sucrose 66—67 0.1— 0.3 
Low 66—69 2 —20 
Medium 74—T79 20 —75 
High (Total) 70—77 75 -—99 





TABLE 2 — COMPOSITION OF SODIUM SILICATES 
NagO, SiOz, H2O SiO2e/NazO SiOe/H2O 
Wt. Wt. Wt. 








Wt. Wt. 

Type*® Ratio Ratio Ratio Ratio Ratio 
A 14.4 29.1 56.5 2.00 0.515 
B 13.9 33.1 53.0 2.38 0.625 
BC 12.4 32.3 55.3 2.60 0.584 
C 10.9 31.6 57.5 2.90 0.550 
D 9.03 28.9 62.1 3.20 0.465 


*All are commercial solutions except BC which was a 50-50 
mixture of types B and C. 





TABLE 3 — SIEVE ANALYSIS OF WASHED SILICA SAND 








Sieve Percent 
through 30 on 40 0.1 
through 40 on 50 2.2 
through 50 on 70 12.9 
through 70 on 100 54.2 
through 100 on 140 23.1 
through 140 on 200 5.5 
through 200 on 270 ie 


through 270 on Pan 


Median Size — 182 microns 
Sorting Coefficient - 1.176 
Skewness Coefficient —_ 0.927 
Specific Surface — 208 cm?/g 
Grain Fineness Number — 80.8 

Moisture _ 0.1% 
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low flow rate was equivalent to 0.143 wt per cent 
per/min. A spacer block was used in the ramming 
tube for the low CO. flow rate experiments to de- 
crease the volume of air in the system. A down 
stream rotometer was not used for the high flow rate 
experiments as the amount of CO, absorbed was only 
a small fraction of the total flow. 


MIXING ORDER 
The sodium silicate solutions suitable for sand bind- 
ers are quite sticky, and proper distribution is neces- 
sary to develop the maximum number of bonds be- 
tween the sand particles. However, if the sand is 
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Fig. 5—Arrangement for measuring gas flow into and out of 
sand specimen. 
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The COz Process 


very dry or drying occurs during the mixing cycle 
the silicate will become very - viscous. When this 
occurs the silicate does not wet the sand grains and 
the sand will feel dry. 

Four different mixing sequences were initially tried 
to determine the proper mixing order of ingredients. 
The sodium silicate having a mid-range ratio, SiO2/ 
NazO of 2.38, was used and compressive strengths of 
the various mixes were determined for gassing times 
extended to 200 seconds. The mixing procedures and 
resulting gassed strengths are given in Fig. 6. The 
data in Fig. 6 show that a sand mixture prepared by 
adding the silicate, syrup, and water to the sand and 
then mixing for 3 minutes developed a higher gassed 
strength than sand mixtures prepared by mixing the 
ingredients separately with the sand or premixing the 
liquid ingredients and then adding the composite liq- 
uid to the sand. All subsequent mixtures were pre- 
pared by the former method. 


COz GASSED STRENGTH 


It was pointed out in the previous section that high 
viscosity liquids or gels can be obtained by gassing 
with CO2, by drying, or by a combination of both 
gassing and drying. The sand bonding characteristics 
derived by these two processes were investigated for 
commercial sodium silicate solutions having SiO2/ 
NazO ratios equal to 2.00, 2.38, 2.60, 2.90 and 3.20. 
The sand mixtures contained 7 per cent sodium sili- 
cate solution, 1 per cent liquid sugar and no added 
water. The seemingly large addition of sodium silicate, 
7 per cent, was necessary to obtain reproducible re- 
sults with the silicates having the higher ratios with- 
out adding water. So 7 per cent was made the stand- 
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Fig. 7—Illustrating bonding characteristics of sodium silicate 
with Si02/Na2O = 2.00. 
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ard addition for these tests. Standard 2 x 2-in. test 
specimens were rammed and gassed at a CO: flow 
rate of 0.3 cfm. 

Specimens for gassed strength were tested immedi- 
ately. Specimens for the 24 hr strengths were dried 
at ambient conditions of temperature and humidity. 
The compressive strengths obtained are presented 
graphically in Fig. 7-11. 

The first apparent observation from an examination 
of the compressive strength vs gassing time curves in 
Fig. 7-11, is that all of the gassed strength curves and 
all of the 24 hr strength curves have the same char- 
acteristic shapes. Compressive strength developed 
very rapidly in the first 10-60 seconds of the gassing 
period and then remained at the same relative level. 
When the samples were aged for 24 hr after gassing, 
the strength-gassing time relationship was just the 
reverse. Very high strength levels were obtained only 
when samples were gassed for periods less than 10-60 
seconds, depending on the silicate. 

At longer gassing times the 24 hr strength decreased 
and became appreciably less than the gassed strength. 
The rate at which the streng** levels change with 
gassing time is important and varies with the SiO2/ 
NazO ratio of the sodium silicate solution. High ratio 
silicates developed gas strength at faster rates than 
low-ratio silicates, but 24 hr strengths of the high-ratio 
silicates were very low, 100 psi, when initially gassed 
for periods longer than 20 seconds. 

The variation in the basic strength characteristics 
of the different sodium silicates give flexibility to the 
COz process and custom binders can be compounded 
for each application. If a core or mold is to be used 
immediately and a short gassing period is desired, 
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Fig. 8—Illustrating the bonding characteristics of sodium sili- 
cate with Si02/Na2O = 2.38. 
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the high ratio silicates (2.60 to 2.90)are most appro- 
priate. But if strengths greater than 1000 psi or 
good shelf-life are desired the low-ratio silicates (2.0- 
2.4) are most appropriate. 
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cate with Si02/Na2O = 2.60. 
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Fig. 10—Illustrating the bonding characteristics of sodiwm sili- 
cate with Si02/Na2O = 2.90. 
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Sand mixtures bonded with low-ratio sodium silicate 
solutions require a longer gassing time to attain a 
usable compressive strength than sands bonded with 
high-ratio silicates because they normally have higher 
Na2O contents and a greater amount of Na2O must 
be reacted to attain a high level of viscosity. In Fig. 
12 a comparison is made between the actual gassing 
times to reach 200 psi compressive strengths for sands 
bonded with the five commercial sodium silicate solu- 
tions (see Fig. 7-11) and the calculated amount of 
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Fig. 11—Illustrating the bonding characteristics of sodium sili- 
cate with Si0e/NacO = 3.20. 
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Fig. 12—Comparison of COs gassing time to attain 200 psi 
compressive strength, calculated NazO reacted and COz2 re- 
quired to attain 10,000 poise viscosity with commercial sodium 
silicate solutions. 


The CO2 Process 


Na2O reacted, or amount of COz required, for attain- 
ing a viscosity of 10,000 poises (see Fig. 4). Pertinent 
data for the calculated values in Fig. 12 are given 
in Table 4. 

The actual amount of CO, reacted with a high 
flow rate of CO. was determined for a sand mixture 
containing 5 per cent of type B silicate and 1 per 
cent of liquid sugar by weighing a standard compres- 
sive strength specimen before and after gassing. The 
amount of water removed by the excess CO, flow 
through the sand was obtained by drying the speci- 
mens at 110 C (230 F) and determining the differ- 
ence in weight loss for the various gassing periods. 
The data obtained are presented in Table 5. The 
calculated compositions of the sodium silicate after 
the various gassing periods indicate that a viscosity 
greater than 10,000 poises was attained and the SiO2/ 
Na,O ratio approached 4. 

A volumetric method was also used to determine 
the amount of COs reacted, but the flow rate of CO. 
was low enough to control the rate of absorption. A 
series of experiments was performed with sand mix- 
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Fig. 13—Comparing amount of COz absorbed by various sodium 
silicates at low CO2 flow rate. 

Sand mixture: 92 per cent silica sand, 7 per cent sodium sili- 
cate, 1 per cent liquid sugar. 


TABLE 4 — CALCULATED COz REQUIRED TO OBTAIN A 
VISCOSITY OF 10,000 POISES WITH COMMERCIAL 
SODIUM SILICATE SOLUTIONS 








Gms. 
Na2O** 
Naz2O Content, % Reacted per 
SiO2/NazO At 10,000 100 gms. 
Type Wt. Ratio Initial Poises® Solution 
A 2.00 14.4 9.2 §.7 
B 2.38 13.9 10.9 3.4 
B-C 2.60 12.4 10.1 2.6 
C 2.90 10.9 9.6 1.6 
D 3.20 9.0 8.2 0.93 


*Data from Fig. 4. 
**Gms. Na2O/100 gms Solution = 100 in. CO2/Ib Solution. 





TABLE 5— COMPOSITION OF SODIUM SILICATE 
AFTER GASSING WITH CO2* 





Increase 
COz in Wt.** 





Gassing After Wt. t. Composition of 
Time, Gassing, Loss at CO: Pick Sodium Silicate 
Sec. gms. 110C, gms. up, gms. NazO SiOz 
0 0.0 4.17 0.0 13.9 33.1 53.0 
30 0.17 4.12 0.22 10.4 34.7 54.9 
60 0.20 4.09 0.28 9.4 35.2 55.4 
120 0.15 4.00 0.32 8.8 36.0 52.2 
200 0.0 3.89 0.28 9.8 36.6 53.6 


* Flow rate = 0.3 cfm 
*° Total initial wt. = 155 gms. 
Composition: 5% Type B Sodium Silicate 
1% Liquid Sugar 
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tures containing the five types of sodium silicates 
using a CO, flow rate of 114 ce per min. With this 
low flow rate the amount of COs, absorbed could be 
accurately determined with the experimental apparat- 
us shown in Fig. 5. Pertinent data obtained are shown 
graphically in Fig. 13. 

The amount of CO, absorbed when the flow rate 
limited the rate of absorption was three to five times 
that necessary to develop maximum gassed strength at 
higher flow rates. The decreased amount of COz in 
all but one case, type C silicate, was more than enough 
to completely react with all of the Na,O present. 
This is not likely to be the case, as SiOz has a great 
affinity for Na2O and the excess CO, is probably 
held in solution. The data do iudicate, however, 
that gassing at low flow rates or for long periods of 
time, excessive amounts of CO, will be required to 
develop maximum strength throughout the sand mass. 
Compressive strength curves comparable to those 
shown in Fig. 7-11 were also obtained at the low 
CO, flow rate, and maximum strengths were attained 
at approximately 5 minutes of gassing time for all of 
the sand mixtures. 

The maximum strength of a sand mixture obtained 
by the COz reaction is dependent on such factors 
as distribution of the sodium silicate, percentage of 
sodium silicate, surface area of the sand, density of 
sand mixture, and loss of moisture during mixing 
as well as the composition of the sodium silicate. The 
variables related to the type of sand used and the 
ramming procedures, can be more advantageously 
determined for individual foundry practices, but the 
strength factors related to the composition of the so- 
dium silicate will be common to all practices. 

Strength of the bonding material itself is obtained 
by aggregation of the silica in the binder. So the 
amount of water held by the aggregates is important, 
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Fig. 14—Illustrating the relationship between compressive 
strength after two minutes gassing with CO2 and the SiO2/ 
H.O ratio of the sodium silicate. Upper curve for sand with 7 
per cent commercial sodium silicates. Lower curve for sand 
with 5 per cent of B silicate plus indicated percentages of 
water. 
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and a correlation between compressive strength ob- 
tained by the CO, reaction and the SiO./H,O ratio 
of the binder would be expected. The relationship 
between compressive strength and water content of 
sands bonded with 7 per cent of the various sodium 
silicates is shown by the upper curve in Fig. 14. A 
closer relationship, lower curve in Fig. 14, was ob- 
tained when various amounts of water were added to 
the same sodium silicate. 

Except for the case where the sodium silicate does 
not properly wet the sand because of initial high 
viscosity or high viscosity resulting from dehydration 
during mixing, added water will decrease the strength 
obtained by gassing with COz. Poor wetting or dis- 
tribution is most apt to occur with high ratio silicates. 
So from a basic viewpoint, higher gassed strengths 
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Fig. 15—Weight change of sodium silicate bonded sand aged 
in dry air and saturated air for extended time period. Sand 
contained 7 per cent sodium silicate with Si02/NazO = 2.38 
and | per cent liquid syrup. 
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Fig. 16—Water content of ungassed sodium silicate sand mix- 
tures after drying at 110 C (230 F). Mixture contained 5 per 
cent sodium silicate (Si02/NazO = 2.38) and 1 per cent liquid 
sugar (79 per cent solids). 
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Ad Fig. 17—Illustrating compressive 
strength of sodium silicate bonded 
. sand after drying at 110 C (230 F). 
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can be obtained with the low ratio silicates (Na2O/ 
SiOz, to 2.0-2.4) than with the high ratio silicates 
(NazO/SiOz, to 2.6 to 3.2). 


DRY STRENGTH 


The compressive strength of sodium silicate bonded 
sand that was allowed to air dry after gassing with 
COz was found to be dependent on the type of 
base silicate used and the gassing time, Fig. 7-11. 
When sand samples were dried for periods greater 
than 24 hr the compressive strengths were of the 
same order of magnitude as the 24 hr samples, but 
the values were inconsistent. It was suspected that the 
moisture content of the air was affecting the strength, 
sO an experiment was performed to determine the 
effect that an extreme range of moisture content of 
the air would have on the weight and compressive 
strength of samples aged to equilibrium conditions. 
Standard compressive strength samples were gassed 
for 0, 30, and 200 seconds and placed in desiccators 
containing either a drying agent or water. The sam- 
ples were weighed periodically, and after 40 days they 
were tested for compressive strength. The results of 
the test are shown in Fig. 15. 

Gassing time had little effect on the amount of 
water that was absorbed or removed during the aging 
period. Most of the moisture in the sand mixtures 
aged in dry air was removed during the first 24 hr, 
but a small amount of drying continued up to the 
end of the test period of 40 days. The samples aged 
in saturated air continually absorbed water, and after 
40 days the sand had absorbed an amount of water 
equal to the original weight of sodium silicate, 7 per 
cent. Despite this great increase in moisture content 
the compressive strength of the weakest specimen, 
the one gassed for 200 seconds, was still 210 psi. 

The compressive strength of the ungassed specimen 
aged in saturated air was a surprising 390 psi. This 
anomalous behavior was probably due either to trans- 
fer of CO2 from the gassed samples or reaction with 
the sugar during the 40 day aging period. The results 
of these tests indicate that aging sodium silicate bond- 
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ed sand under ambient conditions can cause as much 
as a five-fold variation in compressive strength depend- 
ing on the moisture content of the air and the aging 
time, and an equilibrium condition may not be at- 
tained even after a 40 day period. 

In order to eliminate the variable of the moisture 
content of the air, a series of experiments was con- 
ducted under closely controlled drying conditions. 
Compressive strength samples from sand mixtures 
containing 5 per cent type B sodium silicate, 1 per 
cent liquid sugar, and various amounts of added water 
were dried in an oven held at 110 C (230 F) with 
dry air circulation. 

One set of specimens was not gassed with CO, 
and the other set of specimens was gassed for 60 
seconds. The amount of water removed after 2 hr 
and after 24 hr was determined for the ungassed 
specimens, and the amount of water remaining in the 
specimens is shown in Fig. 16. It can be seen that 
most of the water was removed in the 2 hr drying 
period. If the water remaining is considered to be 
all related to the sodium silicate, the water content 
of the binder itself, after 2 hr drying, was between 
23.4 per cent and 36.3 per cent. After 24 hr drying 
the water content was between 6.8 per cent and 
18.4 per cent. Sodium silicates with such water con- 
tents are in the regions of semisolids, dehydrated liq- 
uids, and glasses (Fig. 4). 

The increase in strength resulting from the removal 
of water is illustrated in Fig. 17. Maximum dry 
strength was developed after 2 hr of drying at 110 
C ( 230 F) and did not appreciably change with 
longer drying times. The addition of 0.5 per cent 
water did not affect the drying time required to attain 
maximum strength, but the addition of 1 per cent 
water increased that time about 1/2-hr. The addition 
of 0.5 per cent or 1.0 per cent water to ungassed 
sand did not affect the magnitude of dry strength 
(2000-2800 psi), but 1 per cent water addition de- 
creased sand dry strength which was gassed 1 min. 

The sand which had been gassed with CO, in- 
creased in strength about 200 psi with drying. Samples 
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gassed for a longer period of time or samples with 
high ratio silicates would probably have decreased in 
strength after drying. The humidity of the air during 
the drying process, even at 110 C (230 F) is very 
important. Sand that is placed in an overloaded oven 
or in an oven with limited circulation will not develop 
the high level of strengths shown in Fig. 17. Hot, 
dry air blown through the sand can shorten the 
drying period. 


COz AND AIR MIXTURES 


The rapid rate at which strength is developed with 
COz is the prime attribute of sand bonded with sodi- 
um silicate. In the preceding experiments it was 
noted that only a small portion of the CO: passing 
through the sand is actually absorbed at high gas 
flow rates. Distribution of the gas through the sand 
is thus the factor most affecting efficient utilization 
of COs, so an attempt to increase the efficiency of 
CO, utilization was made by diluting the CO. with 
air. 

Compressive strength gassing time relationships 
were determined for sand containing 5 per cent type 
B sodium silicate and 1 per cent liquid sugar at three 
different flow rates, 0.8 cfm, 0.1 cfm, and 0.05 cfm, of 
100 per cent COz, 50 per cent CO, and 20 per cent 
COz. The gassing times that were required to develop 
compressive strengths of 100 psi and 200 psi are 
shown in Fig. 18. 

The times required to develop 100 psi and 200 psi 
compressive strength were little affected by gas flow 
rates between 28 and 165 cu in. per min per sq in. 
using 100 per cent CO. When the gas contained 
50 per cent COs, longer gassing times were required, 
but the increase in time was less than the proportional 
reduction of COz used ( particularly at high flow rates). 
The effect produced by diluting the COz still further 
to 20 per cent was dependent on the total flow rate. 
At low flow rates the gassing times to attain the 
respective strength levels were increased only 20 to 
30 per cent, but at the high flow rates the gassing 
times were increased about 600 per cent. This ap- 
parent anomalous behavior may have been due to 
a drying action at the high flow rate which would 
not only reduce the proportion of solvent available, 
but also increase viscosity. Lower water content at 
high viscosity would greatly retard the absorption rate 
of CO2. However, with proper control for applica- 
tions not requiring the maximum rate of hardening, 
dilution of CO. with air to concentrations of 50 per 
cent or even 20 per cent can be used to increase the 
efficiency of the CO: process. 


SUMMARY 


The results of this investigation have provided 
information which may be directly applied to prac- 
tical applications of the CO, process. Implications 
of immediate practical importance were incorporated 
in the body of the report, so only the conclusions 
related to basic parameters will be stated: 

1) The rate at which sand mixtures develop strength 
with CO. increases with increase in the SiO./ 
Na2O ratio of the sodium silicate. 

2) The maximum gassed strength attained increases 
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Fig. 18—Effect of CO concentration and flow rate on gassing 

time to attain 100 psi and 200 psi compressive strength. 

Sand mixture: 94 per cent silica sand, 5 per cent sodium 

silicate, with Si0o/NasO = 2.38, and 1 per cent liquid sugar. 
with increase in the SiO2/H2O ratio of the sodi- 
um silicate. 

8) The gassed strength of sands bonded with sodium 
silicate having high SiO2/Na2O ratios is limited 
because the viscosity of high ratio silicates is sensi- 
tive to concentration. 

4) The dry strength of sand bonded sodium silicate is 
dependent upon the composition of the sodium sili- 
cate and the COz gassing time. 

5) The humidity of the air during an aging period 
has a great effect on the strength of sand bonded 
with sodium silicates. 

6) The efficiency of the CO, gassing process may 
be significantly increased by diluting the CO, 
with air. 
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NOISE INDUCED HEARING LOSS 


By 
Eugene L. Walsh, M. D.* 


The subject of noise induced deafness is becoming 
trite; it appears on so many scientific programs. It is 
the impact of legal attention in compensation claims, 
the medical interest in the ails of man, and the sin- 
cere desire of most employers to produce a “safe place 
to work” that demands continuance of the inquiry. 
From the medical viewpoint, deafness due to exces- 
sive noise exposure is permanent. The only treatment 
is prevention. Therefore, we continue our appeal to 
the industrialist to help in this phase of preventive 
medicine. 

Beside the moral obligation of management to pre- 
vent injury, occupational disease, or deafness due to 
noise exposure, there is also a financial incentive in- 
volved. It is true that states which now include occu- 
pational deafness in the workmen’s compensation 
schedule require a six months removal from exposure 
before the amount of compensation will be determin- 
ed. This is done in order to evaluate the degree of 
hearing loss and to prevent a flood of claims. Neverthe- 
less it should bé' borne in mind that any employee who 
has left his employment for any reason can, after six 
months from the time of such severance, file a claim 
for hearing loss. 

Since we admit inability to correct the damage to 
the nerve of hearing once it occurs, you might ask if 
it is possible to select those who might be noise sus- 
ceptible. The question could be dodged by stating 
that man is a polyhybrid animal, living in an envi- 
ronment of innumerable, ever changing, and uncon- 
trollable variables. Therefore, observations of pure 
cause and effect relationship have a low order of stat- 
istical validity. If the question is pursued further, we 
will say we have some rather elaborate tests which 
might select the individual more susceptible to noise 
induced hearing loss. These tests are, however, not 
absolute, nor are most of them simple enough to be of 
practical value. So again, we come to the point of pre- 
vention of the disorder since selection is improbable. 
Hence don’t count on avoiding preventive control of 
noise by trying to hire men not noise susceptible. 


WHAT IS NOISE? 


Before discussing prevention, let us briefly review 
the problem. First, what is noise? One definition is that 
“noise is unwanted sound.” The unwanted will bear 
further discussion. Man is a gregarious, adaptive ani- 


*Medical Director, International Harvester Co., Chicago. 
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mal. Place him in an anechoic chamber (a soundless 
room) for ‘some length of time and most will feel 
isolated, uneasy, insecure, and out of contact. The 
old adage “silence is deafening” is appropriate. Man 
has developed in an environment of and accept back- 
ground noise as a wanted sound. It gives him a sense 
of contact. Many have Hi-Fi sets and play them to 
capacity, blatting out as much as 100 decibels of 
questionable harmony to others, particularly, neigh- 
bors. This is unwanted and sometimes even detrim- 
ental to good interpersonal relationships. 

Why do some of people like the hustle and bustle 
of the city or a noisy job? Because it satisfies a gre- 
garious urge to be around people. One may even say 
that some enjoy being a “big noise,” at least insofar 
as a part of a job is concerned. It supports man’s ego 
in being heard. Some workers clamoring for recogni- 
tion and a sense of power have this quality as an un- 
conscious substitute for action or reaction. 

But let us get down to sound business decisions: 
You will have as much noise control as top manage- 
ment wants...... no more, no less! And believe it 
or not, it usually will cost more not to do anything 
about noise than to do something about it. 

You foundrymen know that if you don't do a 
good cost analysis on each job you'll find yourselves 
overpricing castings in some cases — thereby pricing 
yourself out of the job; or you underprice the casting, 
thus losing money. Only the correctly priced castings 
keep you in business since you get the order on those 
but the profit is often cut by the underpriced castings. 
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So with noise prevention! Unless you do something 
about it, you will pay later in direct costs for noise 
deafness; and you are probably paying now indirect- 
ly — just as with the underpriced casting. 

Prevention of noise induced deafness is a teamwork 
problem. It requires an enlightened management to 
support the program, engineering ability to design 
equipment, technical specialists to evaluate the prob- 
lem, and physician specialists to determine the effect 
on man; and, of course, attorneys and legislators to 
form regulative orders to “crack the whip” and get 
the program underway. 


WHY BE INTERESTED IN NOISE? 


Industry is geared to production. In keeping with 
providing a safe place to work, industry must reduce 
hazards to the irreducible minimum in order to in- 
crease production. 

One cannot process solid materials, or even liquid 
or gaseous materials, without producing some form 
of vibrating energy. In the case of noise, we are in- 
terested in damage risk levels; that is, how much 
noise is the maximal safe exposure before damage to 
man’s hearing apparatus occurs. The human ear is 
a delicate receiving apparatus, translating the mech- 
anical energy of sound into nerve impulses. The im- 
pulses travel to the brain where we recognize in con- 
sciousness the particular qualities and interpret them 
on the basis of past experiences. 






















Noise Induced Hearing Loss 


Sound waves are pressure waves. The normal ear 
is capable of recognizing pressure variables of the 
magnitude of one billionth of an atmosphere* Sound 
is measured in decibles, a scale which is a convenient 
logarithmic progression of increasing energies. Doub- 
ling the sound level represents only a 3-decible in- 
crease. In general, sounds of less than 85 decibels 
cause no harm. Intensities above this may cause dam- 
age to hearing. Above 130 decibels, pain is produced 
in the ear. High frequency sounds (high pitched), 
in general, are more damaging than low frequencies 
(low pitched ). 

To produce damage to the hearing apparatus, en- 
ergies of different types and duration must be con- 
sidered. A single blow of mechanical energy to the 
head may damage the hearing mechanism by dis- 
ruption of bone or of the hearing mechanism, or by 
hemorrhage. A single blast of 140 decibels or more of 
an explosion may irrevocably damage the hearing 
mechanism. Long continued exposures to air borne 
noise of 85-100 decibels may be damaging. For bone 
conduction (noise passing to the inner ear through the 
bone surrounding ear) levels are 20 decibels higher. 


EFFECTS OF NOISE 


This is the problem for discussion today. The eff- 
ects of noise on man depend on: 1) loudness, 2) fre- 





*An atmosphere is a pressure equal to 14.7 lb/in.? 
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quency of vibration, 3) the hours per day and the 
duration in years of exposure, 4) the distribution of 
the noise —is it continuous or interrupted, and 5) 
the susceptibility of the individual. For our purposes, 
we shall not elaborate further than to say that usually 
we are concerned with high-level noise and years of 
exposure. The details have been elaborated in num- 
erous articles, including the Founpry Noise ConTroL 
Manuva of the American Foundrymen’s Society. A 
preliminary release of this material was distributed 
at your meeting last year. 

In the ordinary business office with an overall sound 
level of 50-60 decibels, the spoken voice is heard with- 
in about 8 ft. If you have to shout at any work loca- 
tion to be understood, you probably have a noise 
problem and should investigate. This indicates a noise 
level of about 90 decibles. If employees have tempor- 
ary head noises or ringing in the ears on leaving work 
or if they have a temporary threshold shift of hearing 
(a period of partial deafness from which recovery is 
complete in a few hours), it is time to begin a pro- 
gram of hearing conservation. 

A program of hearing conservation or noise control 
is a teamwork problem, the medical phases of which 
might be briefly classified. First there should be an 
audiometric survey of employees. Not all loss of hear- 
ing is noise induced. Of new applicants for work, one 
might expect to find on an audiometric survey 75 per 
cent with normal hearing, 10 per cent with a moderate 
loss of hearing, 5 per cent with a severe loss, and 10 
per cent with a loss in one ear only. 

Unless one has a pre-employment audiometric exam- 
ination, one does not have a base line for comparison 
to evaluate possible damage. Thus unless you have 
a program of pre-employment audiometric examina- 
tions, you may be buying an already existing hearing 
loss. The audiometric record will prevent paying later 
for a hearing loss not sustained in your plant. 


AUDIOMETRIC EXAMINATION 


The audiometric examination must be done in fair- 
ly quiet surroundings (less than 40 decibels), other- 
wise, sound reception may be impaired or confused. 
The spoken voice or watch ticking test of hearing is 
totally unreliable since the first effects of noise in- 
duced deafness occur near the 4000 cycle per second 
frequency and the speech interpretation level is con- 
diderably lower. We shall not enter the discussion 
of the various types of audiometric examinations such 
as the full scale; the screening type at one frequency 
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only, with a full record only on those indicated; the 
pure tone versus speech audiometry, etc. Each of 
these has advantages in certain circumstances. 

The program of pre-employment audiometry must 
be followed by periodic re-examination of hearing at 
3-12 month intervals, depending on the noise exposure. 

The factors of other disease conditions affecting hear- 
ing, of prebycusis (the impairment of hearing due 
to deterioration of the normal aging process) must 
be recognized. 

A noise survey of the work area is an integral part 
of the program. This must include overall noise levels 
and the octave-band composition in designated areas. 
The duration and distribution of noise levels and ex- 
posure during a typical work day must be noted. The 
survey must designate the intensity and duration of 
exposure at the employees work area during normal 
work conditions, if it is to have meaning. The employ- 
ees’ work record must be known to indicate the 
total exposure during the work life. 

When critical noise levels are found, and continuous 
long-term worker exposure occurs, engineering control 
measures are indicated. 

As with any hazard, the ideal method of control 
is to eliminate the problem at its source. Redesign of 
equipment with fewer striking or vibrating parts, sub- 
stitution of non-vibrating materials for metallic parts, 
isolation of the process, timing a process to off-shift 
times, automation, or use of sound-absorbing or de- 
flecting media, any or all may be used to reduce 
noise production. 

If engineering and environmental-control measures 
fail to eliminate the hazard, personal protective meas- 
ures may be considered. Rotation of personnel, so as 
to reduce the total exposure time, can be considered 
but other solutions are usually better. The use of ear 
plugs or ear muffs or both by the worker may reduce 
the noise level at the ear to tolerance levels. 

In conclusion, I hope this hasty and incomplete 
review of the noise problem has highlighted some 
areas of interest. A successful noise hazard elimination 
program must have primarily the active interest and 
participation of management. 

While it is desirable to have the help of an engineer, 
hygienist and physician, any foundry of itself can do 
much to control noise. Technical advice is available 
through AFS. 

If we want it so, “The Foundry is a Safe Place to 
Work,” whether we consider noise or any other 
health hazard. 
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FOUNDRY APPLICATIONS OF THE 
CALCIUM CARBIDE INJECTION PROCESS 


By 


W. R. Lysobey* and A. E. Tull** 


INTRODUCTION 


The calcium carbide injection process, first con- 
ceived about 1949, is a new concept when considered 
with other processes of the iron and steel industry. 
Since 1949, great strides have been made in improved 
equipment design and new applications. 

The principle of solids introduction into molten 
iron by the injection process is relatively simple. 
The solid is carried by nitrogen, an inert gas, through 
a suitable conveyance system below the surface of 
the metal. The solids-metal reaction occurs as the 
solid rises to the surface of the metal. 

In its earliest stages the calcium carbide injection 
process was primarily considered for use with the 
production of ductile iron. It is a valuable tool for 
lowering the sulfur in acid cupola iron to low levels 
(less than 0.02 per cent sulfur, prior to reladling 
the metal onto magnesium bearing alloys and ferro- 
silicon alloys). The results of pretreatment with cal- 
cium carbide injection before magnesium alloy addi- 
tion will provide considerable savings in the cost of 
magnesium alloys. 

Another variation of this process in producing duc- 
tile iron is to inject a mixture of calcium carbide 
and pure magnesium into iron which was melted in 
an acid or basic cupola.’ It indicates another means 
of introducing magnesium into cast iron at low cost 
compared to the conventional method of tapping or 
reladling iron onto magnesium bearing alloys. 

Another facet of calcium carbide injection involving 
formation of nodular or spherulitic graphite is by in- 
jecting mixtures of calcium carbide, magnesium oxide 
and rare earth oxides.? This is a specialized appli- 
cation of the process which has had limited use. 

The majority of the cast iron production in this 
country is gray iron containing graphite of the flake 
variety, so this discussion is confined to the applica- 
tions of the calcium carbide injection process to this 
type of iron. This treatment of the subject will show 


*Manager, Technical Service, Air Reduction Sales Co., New 
York, N. Y. 
**Metallurgical Engineer, Air Reduction Sales Co. 
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that the reaction of calcium carbide with molten cast 
iron will produce graphitizing. It will also show inocu- 
lating effects similar in many respects, yet unique 
in others when compared to more familiar inoculat- 
ing techniques. 


EQUIPMENT 


As the injection process evolved, suitable equipment 
to handle the process operations in foundries was 
developed. One of the earliest types is the batch 
feeder depicted in Fig. 1. This equipment is simple 
and reliable. With the batch feeder, calcium carbide 
is injected from the hopper directly into the metal 
through the graphite injection tube. This equipment 
may be modified so the injection tube may be raised 
and lowered independently of the normal 50 Ib hop- 
per. A flexible hose is attached between the hopper 
and the graphite tube for this purpose. 








Fig. 1 — Injection apparatus, batch type. 
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There are two foundry installations currently in 
operation where 500 lb capacity hoppers of this de- 
sign have been mounted on the charging platform. 
A conveyor line carries the solids and gas from the 
hopper to the graphite injection tube. 

The CaCzy travels essentially in a downward direc- 
tion. Low pressures are used in the hoppers and a min- 
imum of conveying gas is required. This low gas 
flow will result in keeping the metal splash and agi- 
tation to a minimum. 

For installations where material must be transport- 
ed through a hose in a horizontal or upward direction, 





Fig. 3 — Carbide injection equipment for automatic continual 
treatment, 


Calcium Carbide Injection Process 


a special type of equipment called a fluidizer (Fig. 
2) has been developed. This requires higher gas 
pressures. Equipment has been developed for this 
purpose to comply with the A.S.M.E. Code require- 
ments for pressure vessels. 

Calcium carbide or other material is loaded through 
a top filling valve. The nitrogen supply line is con- 
nected to a flow meter so the carrier gas flow is pre- 
cisely controlled. Part of the metered gas passes 
through a pressure regulator and is used to regulate 
the tank pressure. The other portion passes through 
another regulator controlling the amount of dilutor or 
carrier gas added to the calcium carbide in the con- 
veying line. 

The pressure setting on the hopper will determine 
the rate that calcium carbide will feed from the fluidiz- 
er. The dilutor gas is set to provide a sufficient 
quantity of gas to smoothly transport the material 
through the line and below the surface of the molten 
metal bath. 

Figure 3 shows a completely automatic installation 
where the iron is continually treated on an intermittent 
basis. A timer, solenoid control valves, and raising 
and lowering device for inserting and withdrawing 
the graphite injection tube, make it possible to treat 
metal produced automatically. 

Figure 4 shows a typical treating bath into which 
calcium carbide is injected. 


APPLICATIONS AND RESULTS 


The major portion of the data presented here was 
obtained in operating foundries where this process is 
being used. The data is therefore not as precise and 
complete as that obtained in a laboratory. In an effort 
to span the broad area of foundry applications of this 
process, the authors have taken the liberty of report- 
ing the results in the form of case histories. 

The first practical demonstration on a production 
scale was demonstrated by a gray iron foundry sev- 
eral years ago. This operator was producing small 





Fig. 4 — Metal treatment bath. 
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castings for a hardware manufacturer. He encountered 
difficulties in producing castings machinable in thin 
sections. In addition, upon drilling and tapping one 
of the heavier sections of this casting, the purchaser 
was encountering porosity. 

This iron was treated with seven lb calcium car- 
bide per ton, lowering the sulfur content from 0.090 
per cent to 0.060 per cent. The treatment was varied 
on a day to day basis depending on chill depth ob- 
tained by pouring a simple wedge test. 

This treatment was effective in preventing the for- 
mation of white iron in thin sections, and benefited 
in producing improved microstructures (Fig. 5, 6). 

Figure 5 is a photomicrograph of an untreated 
3/16-in. section. The occurrence of preferred orient- 
ed Type D and E graphite in a matrix of 50 per cent 
pearlite—50 per cent ferrite is shown. This type of 
structure is considered poor from a machinability point 
of view. This is due to the fact that the tool has a 
tendency to dig into the ferritic areas while machining 
normally over portions of the pearlitic areas. 

The. photomicrograph (Fig. 6) was taken from the 
same location of a treated casting. The graphite has 
been transformed from Type D and E to Type A and 
B. The matrix has been transformed from 50 per cent 
pearlite to approximately 75 per cent pearlite. 

This is not considered the optimum microstructure. 
The improvement in structure, with reduction of chill 
formation in thin extremities of the castings, was suf- 
ficient to insure good machinability in this case. The 
result of the CaC, treatment was to reduce chill, 
transform the graphite into a more desirable form, 
and to promote the formation of pearlite. 

The eventual consumer of these castings has mate- 
rially increased the rate of machining on castings of 





Fig. 5 — Representative microstructure in 3/16-in. sec- 
tion in untreated iron. Type D and E graphite, esti- 
mated 50 per cent pearlite matrix. 100X. 
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this type. Another interesting observation was the de- 
crease in shrinkage porosity in the heavier sections. 

The authors hesitate to explain the mechanism by 
which inoculated iron feeds into the mold better than 
untreated iron. However, it has been observed that 
the soundness of iron is associated with Type A graph- 
ite in a pearlitic matrix. 

A good example of this was recently discovered 
in a foundry producing castings for the automotive 
industry. Here the foundry was experiencing high 
rejection rates due to shrinkage porosity. This defect 
was occurring in bosses and other places in the casting 
where heavy sections were adjacent to thin sections. 

This situation was due to the hardness specifications 
imposed by the purchaser of the casting. The speci- 
fications could be met only by melting a near eutec- 
tic composition. After the carbon and silicon composi- 
tions of the cupola iron were increased in order to 
meet the hardness specifications, the rejections from 
shrinkage porosity increased at an alarming rate. Some 
of this shrinkage was internal. It was not detected 
until the castings were machined at the purchaser's 
plant some 600 or 700 miles away. 

It was first intended to use calcium carbide injec- 
tion to reduce Brinell hardness in the castings poured 
from the original cupola mix (hard mix). This composi- 
tion offered few problems in porosity. However, in 
setting up the equipment, the initial injections of 
calcium carbide were performed on the soft mix. It 
was learned, at this time, that the calcium carbide 
treatment had the effect of eliminating the shrinkage 
defects. The chemical analysis of this iron appears 
below: 

%o C % Si % Mn % P %S C. E. 


3.45 2.35 0.58 0.20 0.100 4.30 








treated iron. Type A and B graphite. Matrix consists of 
75 per cent pearlite, 25 per cent ferrite (est.). 100X. 
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Prior to calcium carbide injection, this foundry re- 
jected about 117 castings per day. The present average 
rejection rate with this defect is from two to five 
pieces a day. 

Examination of microstructure before and after cal- 
cium carbide treatment, indicated a pattern which 
was becoming familiar. The iron before treatment 
showed the occurrence of D and E interdendritic 
graphite with high percentage of ferrite in the matrix. 
After treatment, the graphite was essentially Type A 
in a pearlitic matrix. 

It was interesting to note, upon reviewing Brinell 
hardness data taken from step bars poured hourly, 
that there was a marked tendency to decrease sec- 
tion sensitivity in the treated bars. In fact, it was not 
unusual to find step bars which exhibited the same 
Brinell readings on all three steps (1/4-in., 1/2-in., 
3/4-in.). This decrease in section sensitivity also 
appears in hypoeutectic irons subsequent to calcium 
carbide treatment. 

This foundry utilizes an automatic treating installa- 
tion similar to that shown in Fig. 3 and 4, to inject 
approximately four to six Ib calcium carbide per ton 
of iron. This treatment reduces the sulfur from an 
average of 0.10 per cent to an average of 0.07 per 
cent. The amount of material injected is controlled 
on the basis of chills poured every half hour. 

The cost of treatment has been more than offset 
by the improved flowability, or castability, and has 
permitted the removal of risers from some castings. 
This has resulted in a greater yield of castings. This 
benefit, of course, is in addition to the original prob- 
lem of shrinkage porosity which has been essentially 
eliminated. 





Fig. 7 — Microstructure in untreated iron containing 
0.127 per cent S, predominately type A graphite in 
approximately 50 per cent ferrite, 50 per cent pearlite 
matrix. 100X. 
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Another application arose recently for CaCz treat- 
ment where the sole purpose was to maintain the 
sulfur level below 0.10 per cent to meet a govern- 
ment specification. The chemical analysis of this iron 
appears below: 


) ee a 2 % § C. E. 
3.64 2.64 0.57 0.32 0.127 4.62 








Utilizing the automatic installation technique, this 
iron was treated with calcium carbide to effect a 
reduction in sulfur content from an average of 0.12 
per cent to 0.08 per cent. 

The microstructure shown in Fig. 7 is typical of un- 
treated iron. It contains a matrix of approximately 
50 per cent pearlite—50 per cent ferrite (estimated). 
The graphite formation is predominantly Type A. 
However, there is a considerable amount of fine, close 
network-type graphite associated with the ferrite 
areas. 

The microstructure depicted in Fig. 8 has a uni- 
formly sized and distributed Type A flake in a 100 
per cent pearlitic matrix. This foundry has reported 
an improvement in machinability of the castings made 
from inoculated iron in terms of increased tool life. 

A slightly different variation of calcium carbide 
application was illustrated in a foundry pouring cast- 
ings for the water works industry. A typical chemical 
analysis of this iron is as follows: 


% C % Si 2 ee %S _ 
3.25—3.30 1.80--1.85 0.30-—0.35 0.45—0.50 0.10—0.12 








’ The majority of castings produced in this shop pos- 
sess at least a 1/4-in. section thickness. However, many 
thin extremities exist which require a machining op- 





Fig. 8 — Microstructure in CaC2 treated iron containing 
0.073 per cent S, type A graphite in completely pearlitic 
matrix. 100. 
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eration. Difficulty in machining these sections was a 
constant source of trouble which had not been com- 
pletely relieved by the addition of conventional in- 
oculating alloys. 

This iron is treated with approximately seven lb 
calcium carbide per ton of iron, lowering the sulfur 
content from an average of 0.10 per cent to an aver- 
age of 0.06 per cent. The treatment has been sufficient 
to consistently suppress the occurrence of hard iron 
in thin extremities. 

The cost of calcium carbide injection was more than 
offset at the cupola itself. The operator was able to 
substitute calcium carbide injection for the use of 
soda ash desulfurizer in the ladle, plus FeSi inocula- 
tion in the ladle. In addition, he was able to elimi- 
nate the use of manganese, silicon carbide, and 
proprietary spar briquettes in the cupola charge. Re- 
viewing average physical test results before and after 
calcium carbide treatment, the average tensile strength 
in a 1.2 in. bar before calcium carbide injection was 
34,200 psi. After the process was used for a period of 
time, the average tensile strengths were 37,500 psi. 

In this plant the treatment is performed in a con- 
ventional U-type tilting holding ladle with a batch 
feeder type dispenser mounted on the cupola charg- 
ing platform. The calcium carbide is transported in a 
downward direction through the 1/2-in. I. D. hose 
attached to the graphite injection tube. This is manu- 
ally raised and lowered into the ladle throughout the 
day’s production. The treatment is performed and 
controlled by the ladle man who is guided by chill 
wedges poured from each 3000 lb capacity transport 
ladle. 

A foundry pouring a hypoeutectic iron of a higher 
carbon content, but lower silicon content, demon- 
strates a benefit associated with this type of inocula- 
tion. This shop normally produces a 40,000 tensile 
strength iron of the following chemical analysis: 


% C % Si % Mn % P % S$ C.E. 
3.45 1.35 0.50 0.35 0.11 4.01 


The primary difficulty encountered in this shop was 
associated with internal porosity in large pulley 
sheaves. This porosity would invariably appear at or 
near the intersection of the spoke and the rim. Nor- 
mally it would not be detected until grooves were ma- 
chined some distance into the rim. 

The inoculating effect of calcium carbide changed 
an iron prone to Type D graphite into an iron con- 
taining predominately Type A in a pearlitic matrix. 
In transforming the iron structure the internal porosity 
has, for all practical purposes, been eliminated. 

The foundry operator has found it possible to pour 
this higher strength calcium carbide treated iron into 
castings where it was only possible to use a near 
eutectic composition. This enables the foundry to up- 
grade the strength and maintain machinability in 
many thin sectioned castings. 

In our laboratory, test castings have been poured 
from low carbon, low silicon iron to investigate the 
effect of inoculation on the casting characteristics of 
iron. The composition of this iron appears below: 


Ae | a Dae." “Se % S$ 
3.15 1.37 0.60 0.18 0.10 
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The castings poured with untreated iron showed 
external shrinkage. Upon x-ray examination it exhib- 
ited internal porosity in the areas immediately adja- 
cent to an increase in section size. External examina- 
tion of the calcium carbide treated castings showed 
they were sounder. The x-ray examination disclosed no 
internal porosity. This is an improvement in castabil- 
ity of iron using this type of inoculating technique. 
It has converted Type D and E graphite, ferrite- 
pearlite matrix into predominately Type A graphite 
in a wholly pearlitic matrix. This casting is shown 
in Fig. 9. This casting was chosen by the authors 
and their colleagues because they felt that it would 
provide some information concerning the castability 
characteristic of the iron. 

It is not thought by the authors that iron of this 
low carbon equivalent would normally be poured into 
a casting possessing such thin sections. However, sub- 
sequent to the calcium carbide treatment, a drastic 
change in hardness levels was evidenced. The hard- 
nesses of the untreated castings opposite point A (7/8- 
in.), B (7/8-in.), and C (3/16-in.) are 276 BHN 
and 341 BHN and 294 BHN respectively. 

After treating the metal to lower the sulfur to 0.054 
per cent, it was noted that the Brinell hardnesses of 
this casting were respectively 225 BHN, 232 BHN, 
and 221 BHN. This seems a good example to show 
that section sensitivity of cast iron can be diminished 
by the use of the proper inoculation techniques. 

One of the most interesting variations of this proc- 
ess has been developed during the past year. The 
authors were fortunate enough to work with a foundry 
that is producing a centrifugally spun casting with 
the iron poured against a rotating metal mold. Speci- 
fications of this casting call for a minimum chill in 
the iron surface which contacts the metal mold sur- 
face. A completely pearlitic matrix containing Type 


aI 


CaC» treated. 








Fig. 10 — Microstructure in sand-cast test specimen. Type D 
and E interdentritic graphite. Matrix is pearlitic with some 
areas of ferrite in evidence. Sulfur content 0.14 percent. 100X. 





Fig. 11 — Microstructure in sand-cast test specimen. Predomi- 
nately type A graphite in completely pearlitic matrix. Sulfur 
content 0.017 per cent. 100X. 
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A graphite is specified on the internal diameter after 
a machining operation has removed approximately 
1/8-in. of metal. As a result, the foundry melts a 
soft iron with the analysis appearing below: 


2c 8 Sie SP 8 C.E. 


3.50 2.40 0.65 0.075 0.11 4.32 








A high carbon equivalent iron is melted to minimize 
chill formation on the back side of the casting. Solidi- 
fication of the metal under these conditions is extreme- 
ly rapid. This aggravates the formation of the areas 
of Type D graphite in a ferritic matrix. Cause for 
rejection of castings was poor service life expectation. 
After experimentation, it was found that minimum 
chill and a wholly pearlitic matrix containing Type A 
graphite is produced by desulfurizing the iron with 
CaC, to less than 0.03 per cent sulfur. 

Figure 10 depicts the structure of this iron as 
received from the cupola when poured into a sand 
cast cylinder test pin about 2 in. long x 0.8 in. in 
diameter. As can be seen by examining the untreat- 
ed iron shown in Fig. 10, D and E, interdentritic 
graphite and areas of ferrite exist. This iron would 
be poor for wear and thermal shock service. 

Figure 11 is a photomicrograph of the same iron, 
poured into the test pin described above, after treat- 
ment with 19 lb calcium carbide per ton. The sulfur 
content has been lowered from 0.14 per cent in the 
untreated iron, to 0.017 per cent in this iron. The 
graphite is essentially Type A while the matrix is 


_wholly pearlitic. This type of structure has proven 


in service to be a good wear resistant iron. It has 
performed well under conditions of severe thermal 
shock. 

Figure 12 is a microstructure of the casting itself 
which solidifies at a more rapid rate than the previous 
two samples. Again, predominately Type A graphite 
is contained in a 100 per cent pearlitic matrix. 

Previous work had been done by this foundry in 
producing this structure by the addition of various 
alloying elements such as molybdenum, tin and a 
whole range of alloy inoculants with varying degrees 
of success. Most of the inoculant techniques which 
involve the use of metallic alloys would not produce 
the minimum chill in conjunction with a pearlitic 
matrix and Type A graphite. 


RELATIONSHIP OF CHILL TO MICROSTRUCTURE 


The authors have reviewed some of the past labora- 
tory work with the calcium carbide injection process 
to define the relationship between sulfur reduction 
and chill reduction. 

In Fig. 13, left to right, are shown samples of base 
iron, and samples of chills taken after incremental 
injections of calcium carbide in an induction furnace. 
This is a hypereutectic composition. The heat was 
held in the furnace and chill bars and 1.2 in. test 
bars were poured after each injection of CaCy. 

The effect of the first three treatments was to lower 
the chill forming tendencies of the iron. After the 
fourth injection, a definite reversal in this tendency 
is observed. The base iron contained 0.153 per cent 
sulfur, and after the third treatment, the sulfur was 
lowered to 0.064 per cent. Thus, a minimum chill 
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value for this particular iron is obtained by lowering 
the sulfur from 0.153 per cent to 0.064 per cent. 

This suggests that the minimum chill value is a 
function of sulfur removal rather than the final sulfur 
level. It is expected that the minimum chill value 
of a similar composition cast iron, if melted with a 
0.10 per cent base sulfur, would appear at a lower 
sulfur level than this particular iron. 

The photomicrographs of the iron shown in Fig. 14 
relate to the chill samples in Fig. 13. They were 
taken from the 1.2 in. bars poured along with the 
chill specimens. Figure 14a shows the structure ob- 
tained in the test bar when the minimum chill value 
was obtained. The graphite in Fig. 14a is Type A in a 
completely pearlitic matrix. Figure 14b relates to chill 
sample No. 4. It is felt that this increment of desul- 
furization has resulted in an increase in chill. The 
sulfur at this stage is 0.025 per cent. The photomi- 
crograph shows that ferrite is beginning to form ad- 
jacent to the graphite flakes, although the graphite 
is still essentially Type A. 

Figure 14c shows the microstructure in sample No. 
5 which has been desulfurized to 0.009 per cent. The 
graphite has been transformed into Type D with a 
predominately ferritic matrix. 


LABORATORY INVESTIGATIONS 


Recently in the authors’ company laboratory, the 
inoculating effect of calcium carbide injection was 
studied wherein the treatment was performed on low 
carbon, low silicon irons. In this work, the iron was 
melted in a 500 lb induction furnace. The aim analy- 
sis was 3.10 per cent C, 1.40 per cent Si, and approxi- 
mately 0.09 per cent S. 

In this work an investigation was made of the 
effect of calcium carbide inoculation upon micro- 
structure, tensile strength and hardness levels in vary- 
ing section sizes. In Table 1 it can be seen that the 
tensile strength of the base iron was 39,500 psi in a 
specimen obtained from a 1.2 in. bar. The hardness 
reading was 235. After a calcium carbide treatment 
of 15 Ib per ton of iron, the sulfur content was lowered 
to 0.054 per cent. No other changes in chemistry were 
detected. 

This iron was poured into 1.2 in. bars, step bars, 
and into a small test casting shown in Fig. 9. Chill 
pins were poured for chemical determinations. The 






Fig. 13 — Chill bar samples. Left to right, base 
iron and treated iron after incremental injec- 
tions of CaCo. 









Fig. 12 — Microstructure appearing in CaCz treated centri- 
fugally spun, permanent mold casting. Predominately type A 
graphite in 100 per cent pearlitic matrix. 0.02 per cent S. 100X. 


TABLE 1 — INDUCTION FURNACE HEAT NO. 1241 





As Melted, % Injection Treated,%* 





T.C. 3.15 T.C. 3.17 
Si 1.37 Si 1.40 
S 0.100 S 0.054 

C.E. 3.67 C.E. 3.70 

Chill Depth 
41/32 in. 13/32 in. 


Average Mechanical Properties in 1.2 in. Diam. Bars 
Trans. B. L. 2150 Ib Trans. B. L. 2660 Ib 
U.T.S. 39,500 psi U.T.S. 48,300 psi 
BHN 235 BHN 235 


*Calcium carbide 15 Ib per ton 
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Calcium Carbide Injection Process 


Fig. 14 — Change in microstructure in 1.2 in. bar with progres- 
sive desulfurization. 100X. 
A — Upper — Desulfurized to 0.064 per cent S by CaCeo 
injection. Type A graphite, pearlitic matrix. 
B — Center — Desulfurization to 0.025 per cent S Type A 
graphite, ferritic envelopes around flakes. 
C — Lower — Desulfurization to 0.009 per cent S Type D 
graphite, predominately ferritic matrix. 


data in Table 1 show that the tensile strength after 
treatment was 48,300 psi and the hardness was 232 
Brinell. All 1.2 in. bars were shaken out at approxi- 
mately 1500 F. 

The hardness readings which were taken on the 
1.2 in. bars do not truly reflect the difference between 
the treated and the untreated iron. This point is 
shown in Fig. 15 which is a plot of the hardness read- 
ings taken on the step bars. It is apparent that the 
hardness values are constantly lower in the inocu- 
lated iron. In addition, the difference in hardness 
readings, between the treated and untreated iron, be- 
come increasingly greater when comparisons are made 
in the thinner section sizes. 

On the 1/4-in. step, it is observed that the hard- 
ness readings range from 290 to 321 to 401. These 
readings are taken on a line from the center towards 
the corner of the 1/4-in. step. The respective readings 
for the same thickness on the treated iron were 247, 
245, and 261. This information shows that an effective 
inoculating technique can produce a high strength 
unalloyed gray iron which can be machined in rela- 
tively thin sections. 

In Table 2 are data from a heat of similar hypo- 
eutectic composition treated with a mixture of calcium 
carbide and magnesium powder. This heat demon- 
strates that equivalent results are obtained with one- 
half the amount of calcium carbide if a small quan- 
tity of magnesium is incorporated in the treatment. 

The authors believe calcium carbide injection in 
cupola melted iron of similar analysis would result 
in somewhat better physical properties. In Table 3 are 
data from a heat of cupola iron melted with 75 per 
cent steel in the charge. The composition of the 
base iron was 3.17 per cent carbon, 1.63 per cent 
silicon, and 0.12 per cent sulfur. After calcium carbide 
injection the sulfur content was 0.024 per cent. Physi- 
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cal properties obtained from 1.2 in. test bars were 
reported as 50,930 psi T. S. with 229 BHN. It is 
observed that a higher tensile strength is produced 
in an iron with slightly higher carbon equivalent 
than was obtained in the induction furnace heats 
made in the laboratory. 

In order to simulate cupola melting in an induction 
furnace, a test was run where the melt-in carbon was 
lower than the carbon level used in the previous in- 
duction furnace work. The same final carbon equiva- 
lent was reached by injecting a mixture of CaC. 
and carbon. 

Table 4 shows the physical properties obtained in a 
1.2 in. bar treated in this fashion. An iron with 52,500 
T.S. was produced by this treatment. While this data 
shows that this CaCz-carbon mixture will increase the 
strength of an uninoculated base iron from 36,000 psi 
T.S. to 52,500 psi T.S. 

It should not be expected that the same percentage 
increase in strength will result from similar treatment 
of cupola melted iron. The reason for this is evident 
when it is realized that higher strength values are 
normally expected from untreated cupola iron than 
from untreated induction furnace melted iron. The 
experience with CaCz injection reported by T. H. 
Burke* lends support to this contention. 


CONCLUSIONS 


In summary, the authors conclude that better cast 
iron will result from good inoculating techniques. An 
effective inoculant will lower the chill forming tend- 
ency of cast iron. It will promote the formation of 
Type A graphite in a pearlitic matrix. 

The presence of Type D graphite in combination 
with ferrite is a clue to many of the problems en- 
countered in cast iron founding. This structure is 
often coupled with white iron or chill formation in 
adjoining areas which undergo rapid cooling. Many 
of the difficulties associated with porosity and shrink- 
age can be eliminated or greatly lessened by incor- 
porating techniques to produce iron that has Type A 
graphite and a pearlitic matrix. 

The injection of calcium carbide in cast iron will 
reduce chill formation and promote the formation of 
Type A graphite in a pearlitic matrix. 

The extent of the calcium carbide injection treat- 
ment required to produce the optimum physical prop- 
erties and microstructure will depend upon iron com- 
position and solidification rate. 
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TABLE 2 — INDUCTION FURNACE HEAT NO. 1240 








As Melted, % Injection Treated,%° 
T.C. 3.03 T.C. 3.16 
Si 1.36 Si 1.38 
S 0.103 S 0.065 
C.E. 3.54 C.E. 3.68 
Chill Depth 
42/32 in. 10/32 in. 


Average Mechanical Properties in 1.2 in. Diam. Bars 
Trans B. L. 2280 Ib Trans. B. L. 2620 Ib 
U. T. &. 40,600 psi Re oh 8 47,300 psi 
BHN 235 BHN 238 

*Calcium carbide 7.5 Ib per ton 
Plus magnesium metal 0.4 Ib per ton 





TABLE 3 — FOUNDRY CUPOLA IRON 
As Melted, % Injection Treated,%* 








T.C. 3.17 T.C. 3.22 
Si 1.63 Si 1.64 
Mn 0.94 Mn 1.00 
S 0.120 S 0.024 
P 0.15 P 0.13 
C.E. 3.76 C.E. 3.81 
Mechanical properties in 1.2 in. Diam. Bar 
U. T. S. 44,140 psi U. T. §. 50,930 psi 
BHN 223 BHN 229 


*Calcium carbide 30 Ib per ton 





TABLE 4 — INDUCTION FURNACE HEAT NO. 1230 








As Melted, % Injection Treated,%°* 
pe 290 7a 3.26 
Si 141 Si 1.35 
S 0.103 S 0.019 
C.E. 3.40 C.E. 3.74 
Chill Depth 
52/32 in. 28/32 in. 


Mechanical properties in 1.2 in. Diam. Bar 
Trans. B.L. Not Taken Trans. B. L. 3240 Ib 
U. T. 5S. Not Taken U. T. S. 52,500 psi 
BHN Not Taken BHN 239 
*Calcium carbide 30 lb per ton 
Plus coke 10 Ib per ton 
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PERFORMANCE OF CHILLS ON HIGH STRENGTH MAGNESIUM 
ALLOY SAND CASTINGS OF VARIOUS SECTION THICKNESSES 


By 


Merton C. Flemings*, Richard W. Strachan**, Ernest J. Poirier**, and Howard F. Taylor*** 


ABSTRACT 


Data are presented showing the effect of section thick- 
ness and chilling on the mechanical properties of sand 
cast magnesium alloy test plates. The alloys studied were 
AZ92A and AZ9IC. Plate thickness was varied from 1/4 
to 1-1/2-in. 

The mechanical properties of sand cast AZ92A and 
AZ9IC alloy plates decrease with increasing casting 
section size. End chilling of the heavier plates improves 
the mechanical properties of the plates, even at distances 
well removed from the chill. These data should be use- 
ful in the rigging design of high strength magnesium 
castings. Application of the data should permit produc- 
tion of castings with tensile strengths the order of 50 
per cent greater than present minimum specifications. 
Improvements in yield strength and elongation should 
also be obtained. 


INTRODUCTION 


In several recent papers! techniques for producing 
high-strength, high-ductility aluminum alloy castings 
have been described. It was shown that with careful, 
but commercially feasible practices, aluminum alloy 
castings could be produced with mechanical proper- 
ties higher than those obtained by normal foundry 
procedures. A number of commercial foundries are 
using these techniques in production of high quality 
castings. 

It is now possible to obtain 356 alloy castings from 
several sources with minimum mechanical properties 
of 38,000 psi ultimate tensile strength, 28,000 psi yield 
strength, and 5 per cent elongation. Normal specifica- 
tions for this alloy anticipate average mechanical 
properties in castings as low as 22,500 psi ultimate 
tensile strength, 20,000 psi yield strength, and 3/4 
per cent elongation. 

The largest market for castings made by these 
techniques has been the aircraft and missile fields. 
In these fields strength-to-weight ratios and casting re- 
liability are vitally important. Since their introduction 
into these fields, other advantages of high-strength, 
high-ductility aluminum castings have become appar- 
ent. These include improved machinability and dimen- 
sional stability. However, aircraft designers still wish 
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to know how parts can be made lighter and still do 
the job. In this regard, magnesium alloys have poten- 
tial advantages. It should be possible to produce mag- 
nesium castings with a higher strength-to-weight 
ratios than aluminum. On a simple volume basis (some- 
times important in design) magnesium is lighter than 
other common structural metals. Another parameter 
of importance in complex missile design is the stiffness- 
to-weight ratio. Here, magnesium alloys possess an 
advantage over aluminum or high-strength steel. 

The M.IL.T. Foundry Laboratory and Instrumenta- 
tion Laboratory has sponsored and conducted a study 
to determine if the mechanical properties of mag- 
nesium casting alloys can be improved by control of 
foundry techniques. The study has been divided into 
two sections, 1) an investigation of the properties ob- 
tainable (by careful foundry techniques) in simple 
plate sections and 2) application of results obtained 
to the rigging of prototype commercial castings. The 
first of these studies is presented here. 

In this work, the foundry procedures and controls 
exercised were generally similar to those used in pro- 
duction of high-strength, high-ductility aluminum al- 
loy castings.'? These include control of 1) chemical 
analysis, 2) melting practice, 3) dissolved gases, 4) 
gating and risering, and 5) chilling. Alloys studied 
were AZ92A (9% Al, 2% Zn, 0.15% Mn), and AZ91C 
(8.7% Al, 0.7% Zn, 0.15% Mn). 


PROCEDURE 


The test pattern shown in Fig. 1 was employed 
throughout this phase of the investigation. Foundry 
controls were held constant. A study was made of the 
effect of section size and end chilling on the mechani- 
cal properties of the test plates. Section size was 
varied from 1/4 to 1-1/2-in. with the alloys AZ91C 
and AZ92A. For each alloy, a series of end chilled 
plates were poured. A similar series of unchilled plates 
were also poured for comparison. All plates were heat 
treated. Tensile bars were machined from various lo- 
cations in the plates, tested, and the data plotted as 
shown in Fig. 2-5. A metallographic examination of 
the effect of section size and chills on metal structure 
was simultaneously carried out. Representative photo- 
micrographs are shown in Fig. 6 and 7. 
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Chemical Control and Melting Practice 


Melting stock was composed of high-purity virgin 
material, and high purity remelt stock. AZ92A alloy 
(aim analysis—9% Al, 2% Zn, 0.15% Mn), and AZ91C 
(aim analysis—8.7% Al, 0.7% Zn, 0.15% Mn) were form- 
ulated. Virgin material used was magnesium pig 
(99.9%), aluminum pig (99.9%), zinc (99.9%), and 
aluminum-manganese hardener (75% Al, 25% Mn). 
Remelt stock consisted of returns from previous heats 
which had been remelted, pigged, and analyzed. 

Melting was conducted in an open-top, gas-fired 
furnace, using iron crucibles. In the melting practice of 
both alloys, the high-purity remelt stock was charged 
first. All elements except zinc were added shortly after 
meltdown. The zinc was added at 1250 to 1300 F. 
During melting, a commercial flux covering was main- 
tained on the melt surface to prevent burning. Degass- 
ing was accomplished by bubbling chlorine through 
the melt for 10 min at 1330 to 1380 F. 

Grain refinement was obtained by superheating to 
1650 F and holding for 15 min. Before pouring, the 
flux was skimmed from the melt and replaced with a 
light layer of sulfur-boric acid mixture. Molds were 
flushed with SO. gas immediately before pouring. 


Gating, Risering, Molding 


The gating system used is illustrated in Fig. 1. The 
system is a modification of that previously used for 
aluminum castings', and involves a drag-to-cope run- 
ner with screen at the parting line. The screen ex- 
tends over a sizable length of the runner to avoid 
the possibility of its becoming plugged with dross. 
A gating ratio of 1:4:3 was employed. 

Riser sizes employed for the various plate castings 
are also listed in Fig. 1. In general, these risers are 
larger than would ordinarily be necessary. They were 
chosen to avoid any possibility of property variation 
due to insufficient feed metal. 

Number 80 AFS green sand was used for molding 
all plates. The sand was inhibited with a 1-1/2-per 
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CHILL END 








Plate No. a b c | ae” f 
(1) 1-1/2 6 18 5 5/8 5/8 
() 1 6 12 4 5/8 5/8 
(3) 3/4 6 9 3 1/2 5/8 
(4) 1/2 6 6 2 1/2 1/2 

5 6 2 1/2 1/2 


(5) 1/4 
Gating ratio for all castings, Sprue : Runner : Gate—1:4:3 


Fig. 1—Sketch of plate patterns used for chill depth studies. 


nearly as effective as the large chill used. The chill 
weight would ordinarily be reduced in practice. 


Heat Treatment 

During solution treatment, an SO. atmosphere was 
maintained in the furnace. After solution treatment, 
all castings were air cooled and held for 24 hr before 
aging (Table 1). 


Testing and Metallographic Examination 


Both chilled and unchilled plates in the two alloys 
were similarly tested. Test bars were cut parallel to 
the chill face (Fig. 1) at varying distances from the 


TABLE 1 — HEAT TREATMENT SCHEDULES 
AZ92A Alloy AZ9IC Alloy 


Solution Heat Treatment, F 
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INCHES FROM CHILL END 


Fig. 2—Summary of mechanical proper- 
ties of unchilled AZ92A alloy plates. 


Fig. 3—Summary of mechanical proper- 
ties of chilled AZ92A alloy plates. 


Fig. 4—Summary of mechanical proper- 
ties of unchilled AZ91C alloy plates. 
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INCHES FROM CHILL END 


chill end. In plotting mechanical properties vs. distance 
from the chill face, the distance from the chill face 
to the center of the test bar cross section was used. 

Test bars of 0.505 diameter and 2 in. gauge length 
were used for all plates thicker than 3/4-in. For 
the thinner plates, 1/4-in. square test bars, 2 in. 
gauge length—were employed. Tensile strength, yield 
strength, and per cent elongation, were measured. 
Yield strength was obtained by the 0.2 per cent off- 
set method. 

All plates were x-rayed to MIL-1-6865A specification. 
Casting soundness equaled or exceeded A.S.T.M. Ref- 
erence Radiograph 1.1, No. 1, indicating all plates 
were free of visible x-ray porosity. 

Metallographic specimens from all AZ9IC alloy plate 
castings were taken from the test bars closest to 
the chill end, and 2-1/2-in. away from the chill end. 
The specimens were polished and etched to deter- 
mine grain size, massive compound rating, and per 
cent precipitate according to published metallographic 
techniques.” 


RESULTS 


Chemical analyses of all heats poured are listed in 
the Appendix, Table A. The 1-1/2-in. plates of AZ91C 
alloy were cast from Heat A, while remaining AZ91C 
plates were cast from Heat B. All AZ92A plates were 
cast from Heat C. Two cast-to-size test bars were 
poured with each heat, and tested after heat treat- 
ment. Mechanical properties of these test bars are 
listed in the appendix, Table B. 

The tensile data obtained from the plate castings 
are tabulated in the remaining appendix tables. They 
are also plotted in Fig. 2-5 as mechanical properties 
vs. distance from the chill end. 

The mechanical properties of the unchilled AZ92A 
plates are plotted in Fig. 2. The graph illustrates 
the recognized effect of section size on mechanical 
properties of nonferrous sand castings. As the section 
thickness decreases, mechanical properties generally 
improve. Properties in the thickest plate (1-1/2-in.) 
average about 21,000; 16,000; 1,°. Those in the thin- 
nest plate (1/4-in.) are about 35,000; 21,000; 1. Mech- 
anical properties along the length of each plate are 
nearly uniform. 





*The shorthand 21,000; 16,000; 1 is used to denote 21,000 
psi ultimate tensile strength, 16,000 psi yield strength, 1 per 
cent elongation. 


Chill Performance on Magnesium Castings 


When end chills are added to the sand cast AZ92A 
plates, a property improvement results as shown in 
Fig. 3. Bars nearest the chill average approximately 
38,000; 22,500; 1-3. Comparison of Fig. 2 and 3 indi- 
cates that this is a relatively small improvement in the 
case of the thinner plates. However, it is a substantial 
improvement in properties of the thicker plates. 

The tensile strength of the bar at the extremity of 
the 1-1/2-in. plate is nearly doubled by chilling. Yield 
strength and elongation at the plate extremity are 
also improved somewhat by chilling. The improvement 
is less marked than is the case with the tensile strength. 
The improvement in elongation to be obtained by 
chilling was found real, but not consistent. Elongations 
of the unchilled AZ92A plates were found close to 1 
per cent, while elongations of the chilled plates (near 
the chill) varied from one to three per cent. 

Increasing the distance from the chill generally 
decreased the mechanical properties of chilled AZ92A 
plates (Fig. 3). The decrease is most marked in the 
case of the tensile strength. Properties of the chilled 
plates (especially the heavier sections) are, none-the- 
less, superior to the properties of the unchilled plates 
(Fig. 3) at greater distances from the chill. In the 
case of the heaviest plate, the beneficial effect of 
the chill is felt at distances up to about 5 in. away 
from the chill. In thinner 1 iates, the distance is some- 
what less. 

Figures 4 and 5 illustrate similar data for AZ91C 
alloy. The mechanical properties of the unchilled, 
sand-cast plates decrease with increasing section size 
fexcept for the 3/4-in. plate, Fig. 4). Mechanical 
properties of the thinner plates (1/4-in., 1/2-in.) 
average about 36,000; 21,000; 2-4. Properties of the 
1-1/2-in. plate are approximately 24,000; 15,500; 2. 

The effect of chilling AZ91C plates (Fig. 5) is 
similar to that of chilling AZ92A alloy plates. Me- 
chanical properties of bars nearest the chill all average 
about 42,000; 22,000; 4-6. These properties are an 
improvement over those of the heavier, unchilled 
plates, but are not a great deal higher than those 
of the thinner unchilled plates. 

Mechanical properties of the chilled plates decrease 
with increasing distance from the chill. However, the 
beneficial effect of chilling is obtained at distances 
well removed from the chill. In the 1-1/2-in. plate, 
this distance is apparently greater than 6 in. 


TABLE 2 — MICROSTRUCTURE RATINGS OF AZ91C 
ALLOY PLATES 


1/4-in. from chill end ; 2-1/2-in. from chill end ; 
Plate Grain Size, Massive Comp. Grain Size, Massive Comp. 














Size, in. in. Rating in. Rating 
Unchilled 
1/4 0.003 1 0.003 1 
1/2 0.003 3 0.003 2 
3/4 0.004 3 0.004 4 
1 0.004 5 0.003 6 
1-1/2 0.008 7 0.008 7 
Chilled 
1/4 0.002 0 0.003 0 
1/2 0.002 0 0.003 1 
3/4 0.002 0 0.003 3 
1 0.002 0 0.004 4 
1-1/2 0.002 0 0.006 4 
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A preliminary study has been undertaken to deter- 
mine the mechanism whereby chills improve the me- 
chanical properties of cast magnesium alloys. This 
study has been limited entirely to microstructural ex- 
amination of AZ91C alloy. Samples for this investiga- 
tion were cut from the shoulders of the tensile test 
specimens described above. Samples were cut from 
each of the AZ9IC plates at 1) the location 
nearest the chill (0.3-in.), and 2) the location approx- 
imately 2-1/2-in. from the chill. Samples were polished 
and etched to determine grain size and compound 
rating. Results of this investigation are tabulated in 
Table 2. Typical microstructures from the 1-1/2-in. 
plates are shown in Fig. 6 and 7. 

Table 2 illustrates that in the 1/4-in. unchilled plate, 
a relatively fine grain size (0.003-in. diameter), and 
low compound rating (rating 1)* was obtained. As 
the thickness of the unchilled plate increases, grain 
size and massive compound rating also increase. In 
the 1-1/2-in. plate the grain size is 0.008 in. diameter, 
and compound rating is 7. 

Chilling reduces the grain size of all plates to 0.002 
in. diameter, and the compound rating to 0 (near 
the chill). These are not much smaller than the grain 
size and compound rating of the unchilled 1/4-in. 
plates. However, they are substantially smaller than 
those of the unchilled heavy section plates. At a dis- 
tance of 2-1/2-in. away from the chill, the chill results 


*Rating of O indicates the massive Mg-Al-Zn compound is 
completely solutionized. Rating of 10 indicates amount of com- 
pound obtained in the nonheat-treated condition. 


Fig. 6—Photomicrographs showing effect of chilling on the 
grain size of sand cast 1-1/2-in. AZ91C plates. Picral acid 
etch. 100 X. 


Fig. 6a.--Grain size 0.002 in. diam., 0.3 in. from chill. 
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in a substantial reduction of grain size and compound 
rating in the heavier plates. 

In Fig. 6, typical grain sizes of the chilled and un- 
chilled 1-1/2-in. plates are shown. Figure 7 shows 
the massive compound in these plates. 


Fig. 6b—Grain size 0.006 in. diam., 2-1/2-in. from chill. 


Fig. 6c—Grain size 0.008 in. diam., 0.3 in. from unchilled end. 





DISCUSSION 
Present minimum mechanical property specifica- 
tions’ for AZ92A alloy cast-to-size tensile bars are 
34,000 psi ultimate tensile strength, and 18,000 psi 
yield strength (no elongation requirement). These 
property minimums are not often met in the actual 


Fig.,7a—Compound rating-O, 0.3 in. from chill. 


Fig. 7>—Compound rating—4, 2-1/2-in. from chill. 
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casting, and the specification allows for this. Mechan- 
ical properties of test bars cut from the casting are 
permitted to average a minimum of 25,500 psi ulti- 
mate tensile strength, and 16,000 psi yield strength. 
Individual bars may be as low as 17,000 psi ultimate 
tensile, and 13,500 yield. (Table 3). 

These data indicate that AZ92A sand-cast sections 
of less than about 1/2-in. thickness may possess me- 
chanical properties nearly as high as those of the cast- 
to-size test bar. Properties of heavier AZ92A plates, 
however, (or presumably properties at junctions, boss- 
es or other hot spots) fall below the minimums of the 
cast-to-size test bar. They approach the minimum val- 
ues shown in Table 3 for individual bars cut from 
castings. The data further show that chills may be 
used to improve the mechanical properties of hea y 
sections. The maximum properties in AZ92A plates 
which were obtained by chilling averaged about 40,- 

; 22,000; 2-4 (near the chill). At distances away 


TABLE 3 — SOME MECHANICAL PROPERTIES OF 
CAST MAGNESIUM ALLOY AZ92A 


TS. Y.S. % Elong. 
Test Bars psi psi in-2 in. 
.505 Cast to Size Test Bar (Typical)* 
0.505 Cast to Size Te 
Test Bars Cut from Ave)* 25,500 
i 17,000 
Sz casting, from metal of controlled 
chemistry, gas and heat treatment 
(typical ) 
* N.R —Not required. 
« R. A. Townsend, Metals Handbook, 1948, p. 1018, Published by 
Cleveland, Ohio. 
-M-56(a), September 3, 1957. 
-M-56(a), These properties are representative of the weakest areas 
in any type casting for magnesium alloy AZ92A, adjacent to sprues 
and risers. 


40,000 22,000 3 


Fig. 7—Photomicrographs showing effect of chilling on the 
massive compound of sand cast 1-1/2-in. AZ91C plates. Glacial 
acetic acid etch. 100X. 


Fig. 7-—Compound rating—7, 0.3 in. from unchilled end. 
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from the chill, the properties decreased. Even at con- 
siderable distances away the properties remained sub- 
stantially above those of the unchilled plates. 

Table 4 lists similar mechanical property data for 
AZ9IC alloy. Minimum mechanical properties in the 
cast-to-size test bar of 34,000; 16,000; 3 are required 
by specification. However, the properties in the cast- 
ing may average as low as 25,500; 14,500; 3/4. Indi- 
vidual bars from the casting with properties exceeding 
17,000; 12,000; 0 are acceptable as long as the aver- 
age (of bars tested) meets the above level. Figures 
4 and 5 indicate that thin-section plates may possess 
properties equivalent to those of the cast-to-size test 
bar minimums. Properties of heavier sections are con- 
siderably lower. 

Chilling of AZ91C alloy plates results in improve- 
ment of the properties of the heavier section plates. 
The improvement with AZ92A is felt at distances well 
removed from the chill. Maximum properties (obtained 
near a chill) were approximately 42,000; 22,000; 4-6 for 
all plates. 

A limited investigation of the mechanism whereby 
chilling improves mechanical properties of cast mag- 
nesium alloys has indicated two variables are im- 
portant. These are 1) grain size and, 2) compound 
rating. Both coarse grain size and high-compound 
ratings are expected to result in low mechanical 
properties.® In the unchilled 1/4-in. plate a relatively 
fine grain size and low compound rating was observed 
(Table 2). As the plate section was increased, the 
grain size and compound rating also increased. 

Chilling reduced the grain size and compound 
ratings of all plates (near the chill) to levels lower 
than those of the 1/4-in. plate. In the thinnest plates, 
the chill effect of the sand is adequate to produce a 
fine structure essentially free of coarse compound. 
Chilling is essential to achieve this in the heavier 
plates, at least with the heat treatment practice em- 
ployed. Investigation of possible effects of chilling on 
microporosity is anticipated but has not yet been 
undertaken. 


Rigging Design of High Strength Magnesium Castings 


The data presented are intended to serve as a 
guide for use in chill placement on production-type 
castings when uniformly high mechanical properties 
are desired. It should be possible to effectively cut 
intricate castings into a series of plates by alternate 
risering and chilling. Mechanical properties in the 
casting should be obtained equivalent to those obtain- 
ed in chilled plates. 

Mechanical properties (Fig. 4) of 25,000 psi ulti- 
mate tensile strength, 15,000 psi yield strength, and 
2-4 per cent elongation would be expected in an un- 
chilled AZ9IC casting in a 1-1/2-in. thick section. By 
chilling and risering this section so the maximum 
distance between chill and riser is 2 in., properties of 
about 37,000; 18,000; 3-5 would be expected. Such a 
chill-riser distance should be feasible in production. 
The properties obtained (37,000; 18,000; 3-5) are an 
improvement in tensile strength of 46 per cent, in 
yield strength of 2 per cent, and a four-fold increase 
in elongation over present minimum properties of 25,- 


500; 14,500; 3/4 (Table 4). 
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TABLE 4 — SOME MECHANICAL PROPERTIES OF 
CAST MAGNESIUM ALLOY AZ91C 











T.S. Y.S. % Elong. 
Test Bars psi psi in 2 in. 
0.505 Cast to Size Test Bar (Ty ical )* 40,000 19,000 4 
0.505 Cast to Size Test Bar (Min )® 34,000 16,000 3 
Test Bars Cut from Casting (Ave)* 25,500 14,500 3/4 
Test Bars Cut from Casting (Min)* 17,000 12,000 0 
Test Bars taken from Chilled Area of 
Sand Casting, from metal of controlled 
chemistry, gas and heat treatment 
(typical ) 41,000 20,000 4 
* A.S.M. Commitee on Magnesium, “Magnesium and Magnesium Alloys”, 


Metal Progress, V. 66, No. 1A, July 15, 1954, p. 73. 

» -M-56(a), September 3, 1957. 

© QQ-M-56(a), These properties are representative of the weakest areas 
= type casting for magnesium alloy AZ91C, adjacent to sprues 
and risers. 





The data obtained indicate that chilling of casting 
sections of less than 1/4 to 1/2-in. should result in 
little property improvement, unless bosses or other 
hot spots act to slow the cooling rate. A degree of 
caution is necessary in the application of the data, 
as the numerical values obtained are dependent on 
variables. These may vary from heat to heat or cast- 
ing to casting. Some of these variables are chemistry, 
heat treatment, metal gas content, chill wash, thick- 
ness, and chill-contact area. However, the qualitative 
use of the data on production type castings appears 
justified. 


SUMMARY 


Data showing the effect of section size and end 
chilling on the mechanical properties of AZ91C and 
AZ92A alloy plates have been presented. As section 
size was increased, mechanical properties of plates 
of both alloys decreased. 

End chilling improved the mechanical properties 
of the heavy section plates (over 1/2-in.), but had 
little effect on the properties of the thinner section 
plates. Apparently, the chill effect of the sand alone 
was sufficient to produce high mechanical properties 
in the thinner plates. 

The data presented is intended for use in the rig- 
ging of high-strength, magnesium-alloy castings. By 
judicious use of chills on heavy sections of castings, 
and careful foundry practice, properties above present 
minimum values may be consistently obtained in 
the casting regardless of casting section size. 


ACKNOWLEDGEMENT 


The authors wish to express their appreciation to 
the Instrumentation Laboratory, M.I.T., for support 
of this work through Air Force Ballistic Missile Divi- 
sion, Contract AF 04(645-9). Grateful acknowledge- 
ment is also due to a number of staff members of 
the Dow Chemical Company, Magnesium Department, 
for their advice and support in many phases of the 
magnesium research program at M.I.T. The many 
technical bulletins published by Dow Chemical Com- 
pany on magnesium foundry. practice have also been 
a valuable source of technical information. 


REFERENCES 


1. Flemings, M. C., Norton, P. J., and Taylor, H. F., “Perform- 
ance of Chills on High Strength—High Ductility Sand Cast- 
ings of Various Section Thicknesses”, Transactions AFS 
Vol. 65, 1957, p. 259. 

1. Flemings, M. C., Norton, P. J., and Taylor, H. F., “Perform- 








342 


Design of a Typical High Strength, High Ductility Alumin- 
um Alloy Casting”, Transactions AFS, Vol. 65, p. 550. 
8. Foundry Section, Metals Processing Division, Department of 
Metallurgy, M.I.T., Unpublished work. 
4. George, P. F., “A Numerical Rating Method for the Rou- 
tine Metallographic Examination of Commercial Magnesium 





Chill Performance on Magnesium Castings 


Alloys”, Submitted American Society for Testing Materials, 
June 26—30, 1944. 

5. Federal Specification QQ-M-56 (a), September 3, 1957, 
“Magnesium Alloy, Sand Castings”. 

6. Brace, A. W., and Allen, F. A., Magnesium Casting Technol- 
ogy, (1957) Reinhold, New York, N. Y., p. 36. 














APPENDIX 

TABLE A— CHEMICAL ANALYSES OF EXPERIMENTAL TABLE C — MECHANICAL PROPERTIES OF CHILLED 

HEATS PLATES — AZ91C ALLOY — HEAT A 
Heat Alloy Al Zn Mn Cu Si Plate Size In. from Chill PercentEl. YieldSt. U.T.S. 
A AZ9IC 850 0.74 £420.16 °#4NOD. T Pree RCE Serre. EE 
B AZ91C 8.85 0.725 0.15 i T 1-1/2 0.4 4-1/2 21,000 40,600 
C AZ92A 9.21 2.07 0.14 = 0.012 1.1 3 20,500 38,100 
T — Trace 1.9 5 18,500 38,300 
N.D. — Not Detected 2.6 4-1/2 17,500 36,900 
3.4 5 17,000 36,000 
4.1 4 17,300 36,000 
49 3 17,800 32,700 
6.4 1-1/2 17,800 30,900 


TABLE B — MECHANICAL PROPERTIES OF CAST-TO- 
SIZE TEST BARS FROM EXPERIMENTAL HEATS 


Percent Elongation, 





Heat Ultimate Tensile Yield Strength, 





Strength, psi psi in 2-in. 
A 39,500 20,750 3 
40,400 21,250 4 
B 36,900 19,400 3 
37,300 18,100 3 
C 36,600 22,500 1 
37,500 23,500 1 





TABLE E — MECHANICAL PROPERTIES OF CHILLED 
PLATES — AZ92A ALLOY — HEAT C 








Plate Size In. from Chill PercentEl. Yield St. U.T.S. 
in 2-in. psi psi 

1-1/2 0.4 2 21,500 38,600 

1.1 3 19,500 35,400 

1.9 1 18,500 30,800 

3.4 1 17,000 26,400 

4.9 1 15,300 24,200 

5.6 1 17,500 23,900 

7.1 1 16,300 22,900 

1 0.4 2 21,600 37,500 

Ll l 19,800 35,000 

1.9 1 18,800 33,800 

3.4 2 18,300 30,100 

49 1 16,100 28,400 

6.4 1 17,500 27,800 

3/4 0.4 3 21,500 40,300 

LJ 2 21,500 37,500 

1.9 1-1/2 19,300 34,700 

2.6 3 19,800 37,400 

3.4 1 19,500 32,200 

4.1 2 18,300 32,700 

1/2 0.25 1-1/2 22,500 36,200 

0.75 1-1/2 22,500 37,000 

1.25 1 22,100 33,000 

2.95 1/2 21,600 33,000 

3.25 1-1/2 21,200 31,400 

4.25 2 21,600 32,400 

1/4 0.25 1/2 22,100 34,800 

0.75 1/2 22,600 34,400 

1.25 1/2 20,900 31,700 

2.25 1 21,700 33,600 

3.25 1/2 21,800 32,500 

3.75 1/2 20,700 33,200 








TABLE D — MECHANICAL PROPERTIES OF CHILLED 
PLATES — AZ91C ALLOY — HEAT B 








Plate Size In. from Chill PercentE]. YieldSt. U.T.S. 
in 2-in. psi psi 

1 0.4 4 18,500 42,000 

1.1 3-1/2 20,100 42,000 

2.6 3 20,500 36,600 

3.4 3 18,500 35,200 

4.9 3 18,800 34,900 

6.4 3 17,800 33,200 

3/4 0.4 5 19,500 41,800 

1.1 6 19,000 42,300 

1.9 6 17,300 41,100 

2.6 5-1/2 18,300 39,200 

3.4 4 17,800 38,300 

4.1 4-1/2 17,500 37,800 

4.9 4 17,000 37,500 

1/2 0.25 3 21,200 39,200 

0.75 6 25,000 42,700 

1.25 3-1/2 24,100 38,800 

2.25 3-1/2 20,800 40,500 

3.25 3 21,100 37,400 

4,25 2 19,500 36,800 

1/4 0.25 4 21,900 41,500 

0.75 4 20,600 40,800 

1.25 4 22,400 41,300 

2.95 3-1/2 21,100 40,000 

3.25 1 21,600 35,200 

3.75 4 21,800 39,100 





TABLE F — MECHANICAL PROPERTIES OF UNCHILLED 
PLATES — AZ91C ALLOY — HEAT A 








Plate Size In.from End PercentEl. YieldSt. U.S.T. 
in 2-in. psi psi 

1-1/2 0.4 2 17,500 26,000 
1.1 2 16,250 25,500 

1.9 1 15,600 24,400 

3.4 2 15,500 23,400 

49 1 15,800 22,700 

6.4 1 15,300 22,500 
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TABLE G — MECHANICAL PROPERTIES OF UNCHILLED 
PLATES — AZ91C ALLOY — HEAT B 





Plate Size 


3/4 


1/4 
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TABLE H — MECHANICAL PROPERTIES OF UNCHILLED 
PLATES — AZ92A ALLOY — HEAT C 














In.fromEnd PercentEl. YieldSt. U.S.T. Plate Size In. from End Percent El. 
in 2-in. psi psi in 2-in. 
0.4 3 21,000 35,500 1-1/2 0.4 1 
1.1 2-1/2 19,700 35,300 £2 1 
2.6 2 20,000 35,700 1.9 1 
3.4 2 20,000 34,900 3.4 1 
4.9 2-1/2 20,000 36,400 4.9 1 
6.4 3 19,300 37,400 6.4 1 
7.1 l 
0.4 3 20,900 39,000 
1.1 5 19,200 41,500 1 0.4 1/2 
1.9 4-1/2 19,500 41,000 Ll 1-1/2 
2.6 4 19,500 41,200 1.9 1 
3.4 3 19,000 38,300 3.4 1 
4.1 4 17,500 39,700 49 1 
4.9 6 18,500 40,100 6.4 1-1/2 
0.25 3 23,700 36,800 3/4 0.4 1-1/2 
0.75 2-1/2 23,800 38,200 1.1 1 
1.25 4 23,200 42,300 1.9 1 
2.25 3 22,600 37,300 2.6 l 
3.25 2 21,200 36,800 3.4 1 
4.25 5 19,100 37,900 4.1 1 
0.25 2 21,200 38,300 1/2 0.25 1/2 
0.75 1 21,600 33,800 0.75 1 
1.25 3 23,300 37,900 1.25 1/2 
2.25 2 21,000 36,600 2.25 1/2 
3.25 2 21,200 34,700 8.25 1 
3.75 4 19,900 37,000 4.25 1 
1/4 0.25 1-1/2 
0.75 1 
1.25 1 
2.25 1/2 
2.75 1 
3.75 1-1/2 
4.25 1 


Yield St. 


20,500 


US.T. 


psi 


21,600 
21,700 
20,200 
20,900 
21,500 
20,700 
22,400 


31,400 
32,600 
31,200 
27,700 
29,500 
29,200 


31,300 
30,500 
29,900 
29,000 
30,100 
29,600 


31,500 
82,000 
30,600 
32,800 
31,800 
32,000 


36,600 
33,200 
34,400 
32,400 
33,600 
35,000 
34,300 











SOME FACTORS AFFECTING THE TOUGHNESS 
OF MILD STEEL CASTINGS 


By 


Herbert H. Fairfield* and John A. Ortiz** 


ABSTRACT 


The influence of sulfur, carbon and hydrogen on steel 
ductility is discussed, as well as the effects of various 
steelmaking operations during melting. Reduction of area 
is used as the measure of toughness. All reduction of 
area values quoted are from separately cast test bars 
which have been normalized from 1650 F and drawn for 
8 hr at 1250 F. 


INTRODUCTION 


This paper refers to mild steel made in the electric- 
arc furnace. The majority of steel castings are made 
to conform with the A. S. T. M. Specification A-216- 
53T which requires tensile test bars to meet the re- 
quirements in Table 1. 

Reduction of area is used here as the measure of 
steel quality. The discussion will be confined to those 
factors which affect reduction of area (RA). 

All of the RA values quoted are from separately cast 
test bars which were normalized at 1650 F, and drawn 


for 8 hr at 1250 F. 
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TENSILE STRENGTH 
When using RA as an index of toughness, it is 
necessary to correct for the effect of tensile strength. 
Table 2 shows the approximate relationship between 
RA and ultimate tensile strength of plain carbon 
steel castings, as observed in the authors’ company. 
All RA values in this paper are corrected to 75,000 
psi. A test bar with a tensile of 84,000 psi, and an RA 
of 45 per cent would be corrected as follows: 
1—Normal RA for 84,000 psi is 48 per cent for steel 
made in an acid furnace. 
2—Test bar is 3 per cent lower than normal. 
3—Normal RA for 75,000 psi is 52.5 per cent. 
4—Corrected RA is 52.5 minus 3 per cent, or 49.5 
per cent. 


*Chief Metallurgist and **Melting Foreman, Los Angeles Steel 
Castings Co., Los Angeles, Calif. 
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Another measure of steel quality mentioned in the 
literature is the p value. 
p = 6000 RA plus tensile strength in psi 
5000 ae 


EFFECT OF SULFUR ON RA 


Results of a survey of test bar from both acid and 
basic steel shows the relationship between sulfur and 
RA shown in Table 3. The optimum range for sulfur 
appears to be 0.015 to 0.030 per cent. Sulfur forms 
brittle grain boundary inclusions above 0.03 per cent. 

It has been observed that when sulfur is less than 
0.015 per cent erratic test results occur. The reason 
is that long periods of time under a reducing slag are 
required to lower the sulfur content in the steel. This 
condition exposes the metal to the possibility of hy- 
drogen absorption. Hydrogen is then the cause of 
lowered ductility in the metal. 


ACID OR BASIC STEEL 
If scrap is available which contains less than 0.025 
per cent sulfur, high-ductility steel can be made in 
an acid-lined furnace. When the sulfur content of 
scrap is over 0.03 per cent, if highest ductility is re- 
quired, it is necessary to use the basic furnace for 
melting. 


TABLE 1 — TENSILE TEST BAR REQUIREMENTS 





70,000 psi min. 
36,000 psi min. 
22 per cent min. 
35 per cent min. 


Tensile strength 
Yield strength 
Elongation 
Reduction of Area 





TABLE 2 — EFFECT OF TENSILE STRENGTH ON 
REDUCTION OF AREA — CARBON STEEL 





REDUCTION OF AREA 











Tensile Acid Basic Acid 
Strength Furnace Furnace Furnace 

psi 0.20—0.30% C 0.20—0.30% C 0.35—0.45% C 
70,000 55 58 
72,000 54 57 
74,000 53 56 
76,000 52 55 
78,000 51 54 46 
80,000 50 53 45 
82,000 49 52 44 

U 48 51 43 
86,000 47 50 42 

58-5 
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CARBON 


Statistical analysis of tensile results are shown in 
Table 2. At 0.40 per cent carbon, RA averaged 5 per 
cent lower than when carbon was 0.25 per cent. For 
highest ductility in carbon steel, a maximum of 0.33 
per cent carbon is recommended. 


HYDROGEN 


The effect of hydrogen upon reduction of area is 
shown in Fig. 1. In the data presented only four ppm 
of hydrogen lowered the RA to 34 per cent. It is as- 
sumed, therefore, that hydrogen is a major cause of 
low ductility. 

Germain!’ states that the chief source of hydrogen 
in melting is the breaking down of water vapor during 
meltdown. Arness* points out that when the oxidation 
phase is completed and the bath killed (de-oxidized ) 
hydrogen absorption starts. It is also known that wet 
ladles will introduce hydrogen into the metal. 


Sims* has demonstrated the correlation between 
atmospheric humidity and the hydrogen content of 
steel. Since the metal bath is so vulnerable to the 
detrimental effects of the atmosphere, it would seem 
desirable to control the furnace atmosphere. In one 
instance cupola air supply has been brought under 
humidity control, and it is claimed that iron quality 
was improved. Post* reports favorable results from 
introducing dry nitrogen into the electric furnace to 
reduce humidity. 

The danger of hydrogen pick up is increased by the 
addition of smoke control equipment to the furnace. 
The strong draft from dust collecting devices makes 
more air pass through the furnace. On some metals 
sensitive to hydrogen (stainless steel), pinholes can 
be eliminated by shutting off the smoke collecting 
system. 

A rapid test for hydrogen in steel would be helpful 
to the steel melter. Peifer® has shown that progress is 
being made in developing such a test. Lacking any 
information on the hydrogen content of the steel bath 
after it is melted down, the only safe conclusion to 
make is that it contains an excessive amount of hy- 
drogen. Hydrogen removal is accomplished by a boil. 


"70 Ais! 1010 
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TABLE 3 — EFFECT OF SULFUR ON REDUCTION 
OF AREA 





Reduction of Area 


Sulfur Range Corrected to 75,000 psi 
% 








% Median Value, % 
0.010—0.014 53.6 
0.015—0.019 56.5 
0.020—0.024 55.5 
0.025—0.029 55.2 
0.030—0.034 54.0 
0.035—0.039 52.0 
0.040—0.044 50.0 
0.050—0.059 42.0 
0.060—0.069 36.0 

THE BOIL 


The boil phase of steelmaking is initiated by adding 
carbon to the bath along with iron ore or oxygen. 
Carbon monoxide that is formed bubbles up through 
the metal. The boil has several beneficial effects, 1) 
it causes a uniform distribution of temperature and 
composition, 2) it flushes out dissolved hydrogen and 
nitrogen, 3) it probably aids in removing slag, dirt, 
and nonmetallic inclusions. 

One satisfactory procedure for electric furnace melt- 
ing is to add ore with the charge, raise the carbon to 
0.50 per cent, and oxidize until carbon is reduced to 
0.20 per cent or less. This will require about 3 per 
cent ore for basic, and 6 per cent ore for acid fur- 
naces. Another method is to melt down high in car- 
bon and add enough ore or oxygen to get the boil 
started. 

The effect of the boil on hydrogen content cannot 
be measured directly during melting. However, there 
are several useful measures that have proven corre- 
lated to the toughness of the finished test bar.’ Faist 
and Wyman*® showed that the rate of carbon drop 
was related to metal quality. When carbon was re- 
duced at the rate of 0.03 per cent per min, high duc- 
tility was obtained. 

A manganese analysis at the end of the boil is also a 
useful index of optimum boil conditions. Figure 2 
shows that basic steel heats have the highest RA when 
oxidized down to about 0.12 per cent manganese. 

The practise at the writer’s foundry is to melt down 
high in carbon, send a carbon test to the laboratory, 
and send another test at the end of the boil. Figure 3 
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Fig. 1 — Effect of hydrogen upon reduc- 
tion of area. 
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Fig. 3 — Carbon drop and reduction of 
area, basic steel. 
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shows the carbon drop obtained from these tests 
plotted together with the final RA of the test bar. 

A carbon drop of 0.30 per cent coincided with 
maximum ductility. No further improvement was ob- 
tained by reducing more than 30 points of carbon 
during the boil. 

By means of carbon and manganese tests, the boil 
can be measured and boil characteristics can be cor- 
related to test bar results. 

The nature of the final slag has an effect upon the 
quality of test bars produced. Dr. Sims’ states that the 
most important function of a slag seems to be to serve 
as a reservoir for oxygen during the carbon boil. Slag 
will hold an unlimited amount of oxygen, and will 
continue to oxidize the steel unless the slag itself is 
deoxidized. The FeO content of the slag is used as a 
measure of its oxidizing power. Results may be re- 
ported as Fe or FeO. 1.295 grams of FeO contain 1.0 
gram of Fe. 

Carter® reports that both oxidizing and reducing 
slag extremes proved detrimental to quality. This 
statement is corroborated by many writers. 


ACID PRACTICE 


Johnson® showed that the best test bars were ob- 
tained with a final slag fluidity of 8 in., using the 
Herty’® viscosimeter. Juppenlatz™ reported relation- 
ships between slag viscosity and composition. 

Figure 4 shows the relationship between slag and 
metal quality as found by Johnson and McDonough. 
In Fig. 5, Faist and Wyman indicate that maximum 
ductility coincided with a final slag containing 10 to 
14 per cent FeO. 

The writers’ findings on tapping slag in acid prac- 
tice, and its effect upon RA, are shown in Figs. 6 and 
7. Heats for large castings were tapped at a tempera- 
ture of about 2950 F. The highest ductility in these 








Factors Affecting Steel Castings 


floor heats coincided with a green slag containing 
about 5 per cent Fe. 

Heats for small castings were tapped at about 3150 
F. Figure 7 indicates that these hot “bench” heats had 
the highest ductility when the final slag contained 
about 10 per cent Fe (black slag). 

The optimum slag condition is dependent upon 
tapping temperature. Further work is needed to clari- 
fy this relationship. 


BASIC PRACTICE 


Statistical analysis of test results in the writers’ 
plant indicate that the optimum lime content for a 
tapping slag was 35 per cent. Heats tapped at 2950 F 
showed the highest RA when the Fe content of the 
slag was 3 per cent to 9 per cent. Heats tapped at 
3150 F had the highest toughness when the tapping 
slag contained 5 per cent to 10 per cent Fe. 

As Fig. 1 shows, a slight amount of hydrogen can 
cause low RA. The presence of dissolved FeO in the 
metal is presumed to prevent the absorption of hy- 
drogen. A simple test for FeO in the metal can be 
made by dipping out a sample, and pouring it into 
an iron mold. Results are shown in Fig. 8. If the 
metal contains FeO, it will give off a shower of sparks, 
as shown on the right hand side of Fig. 8. The solidi- 
fying metal will mushroom. The experience of the 
writers has been that for highest quality steel, the 
bath should be kept wild or oxidized until tapped 
into the ladle. 

When slag and temperature have been adjusted, 
and bath composition is known the heat is ready to 
be tapped. No benefit will be obtained from holding 
the heat in the furnace beyond this point. “The re- 
ducing period, save for the instances where it is 
desirable to recover oxidized alloys from the slag, 
performs no useful function in steelmaking”, M. V. 
Healey reported.'® 

Where it is necessary to recover alloys from the 
slag, a reaction which would require 45 min in the 
furnace can be effected in a few sec by tapping slag 
and metal together in the ladle. Merrill and Vincent!” 
described heats of alloy steel in which the slag con- 
tained 6 per cent chromium. By first reducing the 
slag, and then tapping slag and metal together, nearly 
all of the chromium was recovered in less than one 
min. 














Fig. 5 — Effect of FeO content of 
* acid slag on metal quality. 
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The Perrin process'* demonstrates the speed of 
slag-metal reactions in the ladle. In this process, metal 
from the acid furnace is poured into a ladle contain- 
ing slag. Within 45 sec sulfur is reduced from. 0.05 
per cent to 0.015 per cent. 

The above instances demonstrate that slag-metal 
reactions take place rapidly in the ladle. The operator 
can prevent or cause slag-metal reactions by his con- 
trol over the tapping operation. 

Before tapping, the temperature of the bath must 
be raised above 2960 F. This insures that the metal is 
fluid enough to react with deoxidizers and to enable 
entrapped oxides to float to the top of the ladle. 

One ton of steel can be de-oxidized with 2 Ib of 
aluminum. One ton of slag could easily require 100 
Ib of aluminum for de-oxidation. Therefore, if the 
aluminum comes into contact with the slag it can be 
used up instantly. McCoy" states, “If we get improper 
de-oxidation that takes place when aluminum comes 
into contact with the slag we run into type two in- 
clusions and our ductility drops off almost 50 per 
cent”. 

One of the major causes for variation in RA is tap- 
ping slag and metal into the ladle together. The tap 
hole must be small enough, and the furnace tipped 
quickly, so the metal is tapped out from under the 
slag. This permits the metal to be completely de- 
oxidized before the slag comes out of the furnace. 

Figure 9 shows the enlarged tap hole which permits 
slag to exit with the metal. This figure also shows the 
same tap hole rammed to the proper size. 

Figure 10 shows the microstructure resulting from 
high FeO in tapping slag and poor tapping practices. 


Fig. 9 — Size of tap hole may de- 
termine metal quality. Left — Tap 
hole right size; Right — Tap hole 
too large. 


IRON IN TAPPING SLAG 


As long as the bath contains dissolved FeO, it 
should not absorb hydrogen. However, the FeO must 
be removed before the metal is cast. Sufficient de- 
oxidation is obtained by adding enough manganese 
to leave a minimum of 0.40 per cent in the metal, 
and enough silicon to leave a residual of 0.30 per 
cent or higher, plus 2 Ib aluminum per ton. When 
these de-oxidizers have been added, the metal is in 
a state to absorb hydrogen. The electrodes should on 
no account arc on the metal after de-oxidation. 

Heats tapped at 3150 F can be de-oxidized in the 
ladle. Heats tapped at 2960 F can be partly de-oxi- 
dized in the furnace prior to tapping. 

Before the steel foundry melter can make the best 
use of special de-oxidizers, he must solve the problem 





Fig. 8 — The dead test indicates gas conditions in the bath. 
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of controlling the FeO content in the final slag and 
metal. The problem of tapping a heat without slag- 
metal reaction in the ladle must also be controlled. 

The oxides of silicon, aluminum, calcium, chromi- 
um, and magnesium present in furnace refractories 
all have high melting points. These oxides float to the 
top of the ladle and present no hazard to quality. 

Calcium silicates and iron silicates having lower 
melting points, make a thin slag that is difficult to 
separate from the metal and may show up as slag 
spots in the castings. Careful skimming and gating 
practices can minimize this type of defect. 

Iron oxide and FeS are the main agents in forming 
non-metallic inclusions. They are dissolved in the 
metal and precipitate out on solidification. Crafts 
and Hilty’ have shown the phase relationships which 
determine whether favorable or detrimental inclusion 
patterns will result. Figure 10 shows two types of 
inclusions. A slight change in de-oxidation balance 
resulted in a difference in RA of more than 20 per 
cent in this case. 

Better methods of slag testing, and better control 
over tapping practise, are required in order to bring 
non-metallic inclusions under control. 


CONCLUSIONS 

1. Sulfur over 0.030 per cent will cause lowered duc- 
tility. 

2. Carbon contents above 0.33 per cent result in lower 
toughness than is obtained in 0.20—0.30 C steel. 

3. Each ppm of hydrogen may lower reduction of 
area (R.A.) by 10 per cent. 

4. Boiling the bath improves metal quality. The boil- 
ing operation can be measured by means of carbon 
and manganese tests. 

5. The amount of FeO in the slag before tapping has 
an effect upon reduction of area. The optimum FeO 
content varies depending upon tapping tempera- 
ture. Acid heats tapped at 3150 F have the highest 
RA when the final slag contains about 10 per cent 
Fe. 

6. Metal in the furnace should always contain FeO. 
This is assurance against hydrogen pick up. 

7. Tapping temperature must be high enough to al- 
low entrapped non-metallic inclusions to float to 
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si Fig. 10 — Effect of 
Te slag on metal 
quality. Left—nor- 
mal basic steel; 
Right — poor qual- 
ity due to inclu- 
sions. Unetched, 
500X, 


the top of the ladle. A minimum tapping tempera- 

ture of 2950 F is recommended. 

8. Tapping must be done so as to prevent slag-metal 
reaction in the ladle. 

Some of the factors affecting reduction of area val- 
ues of mild steel test bars have been discussed. Ab- 
solute control over these factors is not yet possible. 

Rapid tests for hydrogen in steel, FeO and MnO in 
slag, and FeO in steel would be helpful. 
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LADLE HEATING IN THE FOUNDRY 


By 
Randolph B. Renda* and William M. Zeunik** 


INTRODUCTION 


The object of this experiment was to determine the 
most efficient and economical way of heating ladles. 
Determination of the following, by using different 
methods of heating and different types of burners, 
were also included: 

1. The maximum temperature that can be attained 

in ladles. 

2. The time required to obtain this maximum tem- 

perature. 

3. The temperature gradient obtained in the lining 

of the ladle. 

The two different types of burners used were a) 
premixing, and b) aspirator. 

To clarify the results obtained from each burner, 
this experiment was divided into two parts. Each part 
deals with one type of burner. 


PREMIXING BURNER 


An investigation of different methods of heating a 
ladle by a premixing burner revealed that the method 
in use in the plant is the most effective. It also re- 
vealed the existing installations of these burners, now 
being used, are not in accordance with the manufac- 
turer's recommendations. This fact was a possible ex- 
planation of the inefficiency of the premixing burner 
in comparison with the aspirator-type burner. 


Apparatus and Method for Heating a Ladle with a 
Premixing Burner 


A 250-Ib ladle was lined in the usual fashion with 
a proprietary material. The composition of this mate- 
rial is crushed firebrick and rock. The thickness of the 
lining varied from 1% to 2 in. 

Seven thermocouples of chromel-alumel composition 
were inserted into the lining. These were pushed into 
the lining from the outside through %-in. holes cut in 
the ladle. Five of these holes were located in the 
back-side of the ladle. Through these holes five ther- 
mocouples were inserted into the lining to various 
depths. One thermocouple was placed at the bottom 
and one in the front underneath the lip. Temperatures 
were read with an indicating pyrometer. 

The setup used in heating the ladles for this part 
of the experiment is shown in Fig. 1. 





*Instructor of Mech. Eng., Purdue Univ. 
*®Technical Director, Indianapolis Works, National Malleable 
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The premixing system mixes any clean gaseous fuel 
with air drawn in from the atmosphere through the 
ratio-valve on the blower inlet. The air-gas mixture 
formed is delivered by means of suitable piping to 
one or more burner nozzles. The combustion mixture 
is directed through the nozzles and burned. 

The equipment used consisted of: 

1. The premixing burner proportions and premixes 
the air and gas for combustion. It then delivers the 
mixture under pressure to the burner nozzles. The 
recommended manifold pressure at the nozzle farthest 
removed from the burner is 0.4 in. water column. 
(1.75 in. of water column equals 1 ounce per sq. in.) 

2. A safety shut-off valve provides automatic clos- 
ing of the fuel line in case of interruption or failure 
of the electric current. 

3. A main gas shut-off cock is used to manually 
shut off the gas to the unit. 

4. Burner nozzles of 1%-in. were used to direct and 
maintain ignition of the gas-air mixture supplied. 

The recommended installation setup includes a gas- 
pressure regulator which is used to eliminate fluctua- 
tions in the gas supply pressure caused by the opera- 
tion of other units on the same supply line. It is also 
recommended that the gas pressure regulator be ad- 
justed for a downstream pressure of 2 ounces (3.5 
in. of water column) while the unit is operating 
wide open. 


STOP-COCK 
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15" BURNERS 


Fig. 1—Setup used in heating ladles for premixing burner 
tests. 
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All of the above recommendations are made on the 
assumption that the gas supplied to the unit at the 
pressure-regulator inlet varies between 2 ounces and 
8 ounces per sq in. However, results of the tests have 
indicated that for the present installations there is 
a gas pressure of 0.0 to 0.1 ounces in the gas supply 
lines to the units while all the units are in operation. 

5. The gas pressure capacity is 2 ounces at the pre- 
mixing inlet. The firing rate is 900,000 Btu per hr. 
In a setup where four burner nozzles are being sup- 
plied by one premixing unit, the capacity per burner 
is 225,000 Btu per hr. Since the gas being supplied 
has a rating of 570 Btu per cu ft, each burner has a 
capacity of 440 cu ft per hr under recommended oper- 
ating conditions. 


TESTS MADE 


TEST I—A ladle was heated in the manner shown 
in Fig. 2. The flame was directed into the spout; 
the ladle was closed with a steel lid. 
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Fig. 2—Method of heating ladle for test one—premixing 
burner. 
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Fig. 3—Thermocouples in back wall. 














Foundry Ladle Heating 





This ladle was heated for a period of 3 hr. Temper- ( 
ature readings were taken at one min intervals for ] 
the first 15 min, and at 5-min intervals for the rest 1 
of the test. Maximum temperatures obtained in the é 


heated side of the lining 1/8-in. from the surface ] 

















were 1600 F and 800 F on the opposite side 1/8-in. 
from the outer surface. It took one hr and 30 min c 
of heating to reach equilibrium. 0 
Temperature—time curves are shown in Fig. 3. Tem- T 
peratures observed gave a temperature gradient that d 
was a linear function of the distance from the heated 
surface. The slope depended upon the thermal con- te 
ductivity (K) of the lining material, which was in b 
the range 0.70 to 0.85. se 
Figure 4 shows that parts of the ladle reach equili- ti 
brium temperatures long before another part does. di 
There is a considerable difference in temperature in 
different parts of the ladle lining. This could well re 
have been due to the manner in which the flame of th 
the burner impinges on the ladle lining. CC 
After about one hr and 40 min there was a notice- th 
able decrease in the maximum temperature registered. te 
The reason for this was investigated during the next 
run which continued for 8 hr. It was observed that fa 
the maximum temperature decreased about 100 F sli 
whenever the other two units drawing gas from the Ww 
same main gas line were put into operation. This m 
effect can be seen in Fig. 3. H 
This was believed due to the absence of gas pres- pr 
sure regulators, and to the low gas pressure in the TI 
main line. In checking for the cost of this type of pl 
ladle heating, the gas meter was clocked while nine br 
of the 12 burners were in operation. The rate of gas lac 
consumption was 48 cu ft per min. Based on this 
figure, the actual rate of firing per burner was found mu 
to be 320 cu ft per hr. This makes the cost of mé 
heating one ladle 19 cents, or a cost of 4 cents per the 
100 cu ft of gas. wa 
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Fig. 4—Thermocouples 1/8-in. from surface. 
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In the subsequent tests only a few of the available 
curves are shown in order to simplify the graphic 
presentation. 

TEST II—For this test the ladle was turned around 
and heated from the back through a hole cut in the 
lid. This is shown in Fig. 5. 

The test coincided with the second day of a three- 
day shutdown. This meant that the other two units 
on the same main gas line were turned off all day. 
The flame was neutral to oxidizing and steady all 
during the day. 

The heating method used in this test did not seem 
to be as efficient as the previous method. This was 
because flame escaping through the lip, and the sub- 
sequent creation of a draft, carried away the convec- 
tion heat at a rapid rate. The effectiveness of the con- 
duction heat in the ladle lining was thus reduced. 

The observed maximum temperature was 1600 F 
registered by the thermocouple placed underneath 
the lip. Compensating for the fact that this thermo- 
couple was on the surface of the lining would reduce 
this temperature to about 1500 F. Figure 6 shows the 
temperature—time curves obtained. 

According to the literature furnished by the manu- 
facturers, it is desirable to maintain a balance or 
slightly positive internal pressure (0.0 in. to 0.5 in. of 
water column) in the ladle. This is to secure maxi- 
mum efficiency and the most effective combustion. 
Higher internal pressures reduce the capacity of the 
premixing unit, and maximum operating temperatures. 
TEST III—A different method of heating was em- 
ployed for this test, as seen in Fig. 7. An insulating 
brick wall was built around the burner nozzle. The 
ladle was put above this wall in an inverted position. 

This test continued for 3 hr (Fig. 8). The maxi- 
mum temperature reached was 1300 F. This was after 
making corrections and considering the fact that 
the thermocouple nearest to the surface of the lining 
was 3/8-in. The explanation for this relatively low 
maximum temperature seemed to lie in the fact that 
the coefficient of radiant heat transfer for the insulat- 
ing bricks was lower than that of the iron lid of the 
ladle. When the ladle was being heated in the usual 
fashion, as in Test 1, the lid became red hot and re- 
flected part of the heat it absorbed as radiant heat to 
the surface of the lining. 

TEST IV—For this test (no photographic record is 
available) the method of catching iron from the fur- 
nace was utilized to heat the ladle. First the ladle 
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Fig. 5—For test 2, 
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Fig. 6—Temperature-time curves, test 2, premixing burner. 


Fig. 7—Method of 
heating, test 3, pre- 
mixing burner. 
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Fig. 8—Temperature-time curves, test 3, premixing burner. 
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was heated with gas for 3 to 4 min until the tempera- 
ture of the lining reached 200-250 F. 

Then the ladle was moved to the furnace along 
with the thermocouples and the pyrometer. It took 
27 sec to fill the ladle with molten iron at a tempera- 
ture of about 2800-2900 F. Another min was required 
to move the ladle out of the way. The molten metal 
was kept in the ladle for 5 min and then poured 
out. This operation took one min and 30 sec. Catch- 
ing the next iron required 24 sec. This was kept in 
the ladle for 11 min before pouring it out. 

This whole test took exactly 20 min. The maximum 
temperature registered was 1690 F which was ob- 
served after 14 min of the test were completed. 
This was 7 min after the ladle was filled with the 
molten metal for the second time (Fig. 9). 

According to the figures available it costs $10.00 
to heat up 20 tons of molten metal each additional 
200 F. It would cost 12 cents to heat 250 Ib of molten 
iron from 2400 F to 2800 F. The cost of heating a 
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Fig. 9—Temperature-time curves, test 4, premixing burner. 
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Fig. 10—Equipment used for tests with aspirator-type burner. 
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ladle for this experiment by utilizing molten metal 
was 24 cents. 


ASPIRATOR-TYPE BURNER 


Apparatus and Method for Heating a Ladle with the 
Aspirator-Type Burner 


The second part of this experiment consisted of 
heating a ladle in the usual fashion by using a low- 
pressure aspirator-type burner. 

An aspirator-type burner operates on the same 
principle as a carburetor. Air under slight pressure 
passing through a throat or venturi mixer pulls the 
gas, due to moving air inertia, from the gas pipe 
opening into the mixer. The pressure of this gas is 
reduced to zero absolute or to atmospheric pressure 
through a pressure regulator before it opens to the 
venturi mixer. 

The gas supplied was supposed to be about 2.5 Ib 
per sq in. However, the gauge registered a pressure 
of only 8 ounces at the intake to the atmospheric 
pressure regulator. 

Low pressure air was supplied by a blower. 

Figure 19 lists equipment used. 

An 18-2 atmospheric regulator reduces the pres- 
sure of the gas to atmospheric pressure by the use 
of a diaphragm before the gas enters the venturi- 
aspirator mixer. 

A 25-2 butterfly valve regulates and adjusts the 
amount of air to be passed through the aspirator to 
obtain the proper and efficient air-gas mixture. 

The 65-2-0 aspirator mixer regulates air flowing 
through the mixer. This accelerates by the venturi 
effect created with a resulting air pressure drop. This 
is caused by conversion of a portion of its pressure 


1800 BACK- £"FROM SURFACE 






1¢00 FRONT- ¢'FROM SURFACE 





‘\enme- Z From surrace 
1200 


= 


s 


= 








TEMPERATURE (°F) 





400 
200 l 1 i i 1 
fe] 30 60 90 120 150 180 
Time (MIN) 


Fig. 11—Temperature-time curves, aspirator-type burner test. 
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head to velocity head to give this higher velocity. 
The higher velocity and lower pressure causes the 
gas to flow into the mixer where the proper mixing 
takes place. 

The 102-2-D 1%-in. burner nozzle directs and main- 
tains ignition of the mixture supplied. Its capacity is 
280,000 Btu per hr, or 440 cu ft per hr. 

This test was run for 3 hr. A maximum temper- 
ature of 1700 F was observed after 35 min heating. 
( Data are plotted in Fig. 11). 

The higher maximum temperature obtained in a 
shorter period of heating (compared to the preceding 
tests) was believed the result of better control of 
the combustible mixture. 

The cost of heating one ladle for 35 min was eight 
cents. 

Another burner of the aspirator type was tested 
and found less efficient than that described here. This 
second burner (of different make) heated more slow- 
ly. It did not give more than 1600 F temperature of 
the lining. 


CONCLUSIONS 


The results of the tests conducted for Part I of this 
experiment indicate that the manner in which the 
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ladles are being heated at the present time (ladle 
right side up, lid on and closed, flame applied at the 
lip of the ladle) is the most efficient. Explanation for 
this is that it is possible to maintain a balanced or 
slightly positive internal pressure in the ladle by this 
method. Also there is also a radiant heat exchange 
between the red-hot lid and the lining of the ladle. 

A comparison of the results obtained from the three 
different burners used points to one of the aspirator 
type as the most efficient and economical under the 
conditions employed here. 

To reach a maximum temperature of 1600 F with 
a premixing burner required one hr and 30 min heating 
at a cost of 10 cents. 

The aspirator type burner required a heating peri- 
od of only 35 min to reach a maximum temperature 
of 1700 F at a cost only eight cents. 

With the other burner 1%-hr of heating brought 
the maximum temperature to 1600 F at a cost of 20 
cents. 

These costs compare with 24 cents for heat lost 
from molten iron to the lining of an unheated ladle. 

In comparing the above results it should be kept 
in mind that the premixing burner was not operating 
under the recommended conditions. 








A CASTING TECHNOLOGY FOR REACTIVE METALS 
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ABSTRACT 


The equipment and practices employed in consum- 
able-electrode, cold-mold arc-casting are briefly des- 
cribed. Some cast products are illustrated and their 
quality is discussed. Major areas of potential process 
improvement are noted. Average pouring temperatures 
between 3300F and 4500F, electrical efficiencies be- 
tween 15 per cent and 60 per cent, and metal yields 
between 30 per cent and 75 per cent were revealed by 
a study of operating variables and their effect on fur- 
nace performance for titanium casting. Low carbon con- 
tamination is reported when molds of commercial gra- 
phite are used. A comparison with rammed graphite 
molds is made. Practicality, efficiency, reliability, and 
versatility are claimed for the process. 


INTRODUCTION 


This paper will review a system of reactive metals 
casting developed, practiced and still undergoing ex- 
tension and refinement at Bureau of Mines laborato- 


*Supervisory Physicist, **Metallurgist, and *** Physical Chem- 
ist, Region I, Bureau of Mines, United States Department of 
the Interior, Albany, Oregon. 
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Fig. 1 — Schematic drawing of consumable-electrode arc-cast- 
ing furnace. 
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ries in Albany, Oregon. The basic techniques and 
equipment will be described, some of the capabilities 
as demonstrated by experimental casting will be cited, 
and finally certain process variables will be discussed. 

The present casting system has evolved from work 
on the casting of titanium begun in 1958, and origi- 
nally supported by Watertown Arsenal Laboratories. 
The Atomic Energy Commission has sponsored adap- 
tation of the method to zirconium, hafnium, and 
other nuclear-age metals. The Bureau of Mines is 
continuing, under its program, research on titanium 
casting. The status of development as of July, 1955 
has ben reported previously.' 


PRACTICE AND EQUIPMENT 
In essence, the casting method is a modification 


_of conventional consumable-electrode arc melting in 


a water-cooled copper crucible. The principal differ- 
ence in equipment is the design and mounting of the 
crucible. In standard are-melting furnaces, the crucible 
is rigidly mounted and its water jacket is usually 
removable. In a casting furnace, the crucible and its 
water jacket are integral, constituting a trunion-mount- 
ed ladle that can be tilted to pour the molten por- 
tion of its charge over the lip. 

A relatively thin solid shell or skull of metal is 
left behind in contact with the cold copper ladle. 
This skull may be left in place for succeeding cycles 
with the same metal or alloy. The techniques of oper- 
ation are also similar to those for normal arc melting, 
except that in casting the range of effective conditions 
is narrower. Of course, entirely new problems foreign 
to conventional arc-melting operations are introduced 
in connection with materials and designs for molds. 

A typical consumable-electrode arc casting furnace 
is illustrated schematically in Fig. 1. An overhead sus- 
pension (1)* from an electric hoist supports the elec- 
trode assembly. Gravity advances the electrode as the 
suspension is lowered. An important link in the elec- 
trode assembly is a pneumatic cylinder (2) that with- 
draws the electrode (7) rapidly from the ladle (8) 
at termination of the arc. Delays are avoided by this 
method in transferring molten metal from the ladle 
to the mold (12). Flexible hoses (3) carry cooling 
water. 

Flexible cables (4) or water-cooled copper brushes 
faced with graphite deliver electrical power (usually 





*Numbers in parentheses refer to numerals on the figure. 
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negative potential) to a hollow copper shaft (or sting- 
er) (6). This slips through a vacuum gland (5) to 
upport the consumable portion of the electrode assem- 
bly. When the desired length of electrode has been 
consumed and the remaining electrode has been with- 
drawn, the ladle is tilted by torque applied to a shaft 
outside the furnace and transmitted through another 
vacuum gland (5) to either a simple drum and 
cable (9) or a spur-gear transmission. 

The ground power connection (4) is made to 
heavy-walled copper pipe (3) that carries cooling 
water through still another vacuum gland to the ladle. 
The water-cooled furnace shell (11) is evacuated both 
before and during operation through a port (10) lead- 
ing to a mechanical vacuum pump. The Bureau of 
Mines uses 100 to 300 cfm capacity pumps in experi- 
mental operations. However, since evacuation time 
represents a major portion of the operating cycle, 
larger pumps would be advantageous in commercial 
installations. 

Several glass view-ports (13) are provided for ob- 
servation. The danger of an explosive interaction be- 
tween molten metal and water in the event of ladle 
rupture makes remote operation mandatory. Images 
from the view-ports are projected through an optical 
system to a screen at the remote operating site. 

In operation, reactive molten metal must be pro- 
tected from active gases. For casting purposes a vacu- 
um is much preferred over an inert atmosphere. Pres- 
sure is usually allowed to seek an equilibrium value 
depending on pump capacity and the evolution rate 
of gases and vapors from molten metal. Care must 
be exercised to avoid an anomalous nonconsuming 
form of discharge (similar to glow discharge) which 
can occur at lower pressures. 

It has long been suspected and recently confirmed 
by experiments”* that even though superficial pres- 
sures as low as 0.0005 mm may be indicated, equili- 
brium pressures at the surface of molten metal are 
typically in the range from 0.1 mm to 3 mm. AI- 
though not verified by experiment, there are good 
reasons to believe that equilibrium pressures as high 
as 20 mm may exist under some circumstances. 

Arc currents for titanium casting range from about 
7,000 amps for a 25-30 lb pour to about 11,000 amps 
for a 180 Ib pour. Vacuum arcs at these currents re- 
quire about 30 volts. 

The molds most commonly used in static casting 
are semi-permanent assemblies of machined graphite. 
As illustrated by Fig. 2, these molds can be relative- 
ly complex. A laminar structure is employed to avoid 
re-entrant angles on any one mold section. In some 
cases they are used to allow transposition of draft 
from a cast surface to an interface between mold 
sections. A more complete description of such molds 
may be found elsewhere‘. 

Despite complexity, graphite molds can be produced 
in quantity at a unit cost in the order of $3.50 per 
lb of graphite in the finished mold. Normally, molds 
may be used dozens of times before replacement is 
necessary, making them much less expensive than 
might be imagined. 

In experimental casting of titanium, machined 


graphite mold costs, reusing molds 8 to 10 times, have ° 


averaged $2.60 per lb of finished casting. Any com- 
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Fig. 2 — Machined 
graphite valve 
bedy mold. 





mercial grade of graphite can be used, but superior 
results are realized with dense grades having low ash 
contents. Should a large demand for graphite molds 
arise, at least one major producer of commercial graph- 
ite has expressed interest in molding shapes for cast- 
ing by the same method used for molding commer- 
cial graphite stock. The probable cost is near $0.25 
per lb of graphite. 

As an attractive alternative to commercial graphite, 
various binders may be used to prepare graphitic 
ramming mixtures.> Appropriate firing of rammed 
shapes produces molds somewhat less durable and 
slightly more susceptible to attack than machined 
graphite molds. Although many unfavorable reports 
have been made, special oxide refractories cannot be 
excluded as a second alternative for many purposes. 

An interior view of an arc-casting furnace is shown 
in Fig. 3. In this furnace a centrifugal mold is mount- 
ed in position to be spun on a horizontal axis. These 
molds are steel tubes with graphite inserts machined 
to the desired casting shape. Also shown in the figure 
are a copper ladle at the upper right, a ball-bearing 
union joint in the right foreground, and a graphite 
sprue system that funnels molten metal into the spin- 
ning mold near the center. 


EXPERIMENTAL CASTINGS 
Figures 4 and 5 show three titanium valve shapes. 
Except for seats and threads, the surfaces are as-cast, 
showing the excellent mold reproduction and the 





Fig. 3 — Interior of consumable-electrode arc-casting furnace. 








Hic, 4 Gait Minalnns eves. Fig. 5 — Cast gate valve assembly. 


absence of mold reaction attainable by static casting 
in machined graphite. In October, 1957, a series of 
the gate valves shown in Fig. 5 was placed in indus- 
trial service to evaluate performance. They were sub- 
jected to: a) water containing 2,000 ppm chloride at 
284 F (140 C), b) 65 per cent nitric acid at 230 F 
(110 C), and c) 15 per cent sodium hypochlorite at 
194 F (90C). 

The same valves were hydraulically tested, and all 
seats and gasket seals were found to withstand at 
least 500 psi of sustained pressure. This was the upper 
limit of the hydraulic testing equipment. 

A short section of six-in. hafnium tube is shown in 
Fig. 6. This tube was produced by spin casting and is 
shown in as-cast condition. Similar tubes of zirconium 
with heavier walls have been successfully used as ex- 
trusion blanks. Figure 7 shows three 18 ft lengths of 
tubing extruded from three separate centrifugally-cast 
blanks. In one instance, extrusion was performed with 
outside surfaces of the blank still in the as-cast condi- 
tion. In the other two cases, all surfaces were ma- 


from cast blanks. 


mold. 





- question. Surfaces were generally smooth, with a 


Fig. 7 Left — Tubes of zircaloy extruded 





Fig. 8 Right — Finned copper tube and 
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Fig. 6 — Spin cast hafnium tube. 


chined lightly before extrusion. This practice saves 
valuable metal by reducing machining losses. 

Another variation of the spin-casting technique is 
illustrated by Fig. 8. This is a length of finned-copper 
tube produced in connection with a heat transfer 
problem under a separate study. Admittedly, copper 
is not normally classed as a reactive metal, but since 
it was treated as such the experiment is still of inter- 
est. The figure also shows additional details of cen- 
trifugal mold construction. 

How good are these castings? Twenty-five zircaloy- 
2 brackets as shown in Fig. 9 are fairly typical of 
static castings and will be described in answer to this 


few superficial folds or wrinkles caused by the high 
rate of heat loss to the graphite mold. In color the sur- 
faces ranged from bright to light shades of tan or 
gray. Micrometallography of surface sections revealed 
that there was carbon contamination extending to a 
maximum depth of 20 mils (0.020 in.). Analysis of 
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samples collected from the first five mils under the 
surface indicated 400 to 600 ppm of carbon. Analy- 
is of samples from the entire 20 mils of surface 
ontamination indicated 200 to 400 ppm of carbon. 
Above about 500 ppm, carbon contamination causes a 
slight increase in the corrosion rate of zirconium, but 
this increase does not become serious until contamina- 
tion exceeding 1,000 ppm is reached.*® 

Internally, the bracket castings contained scattered 
porosity, mostly of the pin-hole variety. In a few in- 
stances these approached 1/8-in. in dimension. The 
soundness was adequate for normal corrosion service 
but failed to meet the usual aircraft-type specifica- 
tions. However, it is believed that aircraft quality can 
be obtained through improved design of static molds 
or resort to centrifugal-casting techniques. 

Several brackets were subjected in their entirety 
to corrosion by steam at 750F and 1,500 psi for three 
days. The result was a normal lustrous black oxide 
layer. No white corrosion products were formed. 
Standard corosion coupons were also collected and 
subjected to 750F steam at 1,500 psi for a total of 98 
days. The results are compared with typical behavior 
of wrought metal in Table 1. 

Mechanically, the 0.2 per cent yield strength aver- 
aged 49,600 psi, tensile strength averaged 66,600 psi, 
and reduction in area at the fracture averaged 36 
per cent. These values are typical of hot-rolled metal 
of the same composition. The thin wall-sections of the 
cast brackets necessitated a substandard Charpy V- 
notch test. A special series of specimens from wrought 
metal were tested for comparison. The cast specimens 
were tested by a company’, and were found to possess 
about one-half the impact resistance of wrought metal 
at room temperature and at 200F. 


PROCESS VARIABLES 


Largely as a result of trial-and-error, practical re- 
sults have been obtained, but there are several areas 
of potential improvement. The need for further devel- 
opment of mold designs and materials or other changes 
leading to reduced costs and improved casting sound- 
ness has been inferred. The use of vacuum techniques 
probably has not been fully exploited for maximum 
improvement of product quality. 

A continuation of trial-and-error methods should 
yield progress toward these objectives, but approaches 
to the problems would certainly be clarified by know]- 
edge of metal temperatures, operating efficiencies, etc. 
Accordingly, the Bureau of Mines conducted a prelim- 
inary investigation of dependent variables as functions 
of operating conditions. 

Specifically, the yield of metal (per cent of charge 
poured ), the distribution of heat, metal temperatures, 
melting rates, and the reaction of molten metal with 
mold materials were studied. They were studied as 
are current, pressure, electrode and ladle diameter, al- 
loy composition, and casting sizes were varied. 

Two separate series of zirconium casting heats were 
conducted to establish the influence of electrode diam- 
eter on the yield of metal. The first series consisted 
of three heats, all made without benefit of initial 
skulls. The test was made in a 9-1/2-in. diameter 
ladle, at nominal currents of 8,000 amps, and at nom- 
nal pressures of 100 to 200 microns. The only deliber- 
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ate difference between heats was the electrode diam- 
eter. 

As an extra precaution, all electrodes were fabricat- 
ed from the same ingot stock to minimize variation 
of metal composition. 

The results are given in table 2. 

A second series of three heats followed. The same 
procedure was used except that the ladle was 8-1/2-in. 
in diameter, pressures were more nearly 400 microns, 
and a lower range of electrode sizes was employed. 
Results are given in Table 3. 

The minor differences are no more than might be 
expected from such things as cooling irregularities. 
A conclusion that electrode size has no bearing on 
yield must be qualified by the admission that skull 
weights usually increase slightly to some equilibrium 
value over the first several successive melts. This 
weight increase is principally a build-up at the upper 
rim of the skull. It is suspected that the ultimate 
build-up is greater for smaller electrodes. 

A larger series of experimental heats with titanium 
alloys furnished information on the remaining vari- 
ables. This series included six levels of arc current, 
three distinct ranges of pressure, three ladle sizes, and 


TABLE 1 — CORROSION RATES OF CAST AND 
WROUGHT ZIRCALOY 











Time-days Weight Gain, mg/cm? 
Ave. of Typical of 
Cast Brackets Wrought Metal 
14 2.80 8.5 
28 3.97 4.5 
42 4.50 5.5 
56 6.22 6.5 
70 6.84 7.5 
84 8.07 8.5 
98 9.39 9.5 





TABLE 2 — FIRST SERIES HEATS TEST RESULTS 

















Residual 
Electrode Skull Wt. Yield 
Heat No. Diam.,in W+t., lb. Poured, lb % 
SA 11366 8 39.2 75.0 65.5 
SA 11367 6 34.0 75.0 68.8 
SA 11370 4 34.4 71.0 67.3 
TABLE 3 — SECOND SERIES HEATS TEST RESULTS 
Residual 
Electrode Skull Wt. Yield 
Heat No. Diam.,in Wt., Ib. Poured, Ib % 
SA 11557 6 15.9 40.1 71.6 
SA 11558 4-3/8 13.2 40.1 75.1 
SA 11559 3 13.2 40.6 75.4 








Fig. 9 — Cast zircaloy structural brackets, 
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four alloy compositions. Each of the various water 
cooling loops associated with the casting furnace was 
equipped with a flow meter and iron-constantan ther- 
mocouples for continuous recording of coolant volume 
and temperature. These data were used to calculate 
the relative distribution of heat to the various furnace 
components as a function of time. 

Strip-chart-records of current, potential and time 
supplied a total energy in-put figure for each heat. 
This was proportioned and assigned in accordance 
with the heat distribution deduced from water tem- 
perature and volume data. From the assignment of 
energy to the molten and solid portions of the charge, 
average molar heat contents and average metal tem- 
peratures were computed. As a matter of standard 
practice, weights were obtained which allowed the 
calculation of metal yields and average melting rates. 

Each pour was made into a network of cubical- 
mold cavities ranging in size from 1 in.-8 in. Most 
molds were of machined graphite, but in several 
instances sizes up to 4 in. were duplicated with mold 
components of rammed graphite furnished by Frank- 
ford Arsenal. Direct comparison was possible between 
the various sizes and between the two mold materials. 
Operating data are summarized in Tables 4, 5, 6, 7. 

The choice of method for temperature estimation 
is open to criticism. It was selected because the tem- 
peratures are too high for conventional probe meas- 
urements, and pyrometry is complicated by ionized 
vapors and reflection of an electrode image from the 
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Fig. 10 — Heat distribution and metal yield as functions of 
are current. 
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Fig. 11 — Temperature of poured metal as a function of arc 
current. 
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molten pool surface. In addition, it was decided that 
an average temperature is more significant than a 
localized temperature. 

Some effects of arc-current variation are presented 
in Fig. 10 and 11. These graphs should be associated 
with operating data of Table 4. Although the effi- 
ciency of operation reached a maximum at some opti- 
mum current near 10,000 amps, the temperature of 
molten metal continued to increase at higher currents. 
It has been recognized for some time in direct cur- 
rent arc welding with a consumable rod*, and in 
production of simple ingots by consumable-electrode 
arc-melting that the melting rate is directly propor- 
tional to arc current. 

This is also true of consumable-electrode arc-casting, 
but care must be exercised in defining melting rate. 
In are-melting of ingots, which does not involve a 
skull in the normal sense, the melting rate is the 
same as the rate of electrode consumption. Skulls 
are involved in are casting. It was found that any 
loss of weight by a skull must be added to electrode 
consumption to yield a melting rate proportional tc 
arc current. 

In cases of weight gain by a skull, the increase 
represents metal acquired from the electrode and is 
already included in the electrode consumption rate. 
The ratio of melting rate to current in the experiments 
under discussion was about 1.2 lb/min/kilo/amp. No 
ordered dependence of temperatures or operating 
efficiencies on arc power was discovered. The influ- 


TABLE 4 — VARIABLE ARC CURRENT SERIES 
OPERATING DATA® 


Nominal Ave. 





Intended Recorded Ave. Wt. Residual 
Heat Current, Current, Power, Energy, Pressure, Poured, Skull 
No. amp amp kw kwmin Microns I t., Ib 





SA 17299 8,000 7,320 256.9 4,329 142 157.8 114.9 
SA 17285 9,000 7,620 248.4 4,784 292 181.9 106.7 
SA 17230 10,000 8,700 288.0 4,693 119 191.7 80.7 
SA 17469 11,000 9,188 312.4 4,498 160 179.8 74.1 
SA 173977* 11 "000 10,017 347.6 4,953 126 ran 9 55.8 
SA 17604 12:000 11,039 415.1 5,769 89 93.8 115.8 
® Ti-6A1,4V alloy; 11-in. ladle 
®® No initial skull 


TABLE 5 — VARIABLE PRESSURE SERIES, 
OPERATING DATA® 


Nominal Ave. 

Intended Recorded Wt. Residual 
Heat Current, Current, Power, Energy, Ave. Poured, ta 
No. amp amp kw kwmin Pressure lb .» lb 
SA 17604 12,000 11,039 415.1 5,769 89micron 193.8 cd 4 
SA 17469 7 ,000 9; 188 312.4 4, *498 160 micron A 98 74.1 
SA 17540 11,000 11,200 364.0 5, 533 164 mm 162.6 97.5 
SA 17563 11.000 10,133 347.6 5,526 527mm 145.3 106.7 
*® Ti-6AL4V alloy; 11-in. ladle. 














TABLE 6 — VARIABLE LADLE SIZE SERIES, 
OPERATING DATA* 


Ave. 
Ladle Recorded Ave. Wt. Residual 
Diameter, Current, ag Energy, Pressure, Poured Skull 








Heat, No. in. amp min Microns Ib Wt., Ib 
SA 17774 8-1/2 rs 062 a 2 3,395 91 104.7 70.1 
SA 17469 I11 188 312.4 4, "498 160 179.8 74.1 
SA 17604 I11 it 039 415.1 ‘5, "769 89 193.8 115.8 


SA 17653 __14-1/2 10,387 353.2 4,203- 101 135.2 90.4 
* Ti-6AL,4V alloy 


TABLE 7 — VARIABLE ALLOY SERIES, 
OPERATING DATA 











S § - " : eel 
Z : 34 PO 3 £3 so] $5 
4 5 8 s8ho & S8 585.5 Fe 
- FI aa 2268 £& GE zhSS82 cas 
SA 17397° Ti-6Al,4V 10,017 347.6 4,953 126 137.9 55.8 
SA 17774 Ti-6AL4V 8 1/2 10,062 361.2 3,395 91 104.7 70.1 
SA'l Ti 10,160 364.7 4,650 166 125.0 57.8 
SA igoite Ti-4Al4Mn ‘6 1/2 8.710 292.7 3,746 121 39.0 83.6 
SA 18066° Ti-8Mn 8-1/2 9,310 301.6 2,413 1 28.0 36.6 
SA 13080° Ti-8Mn 8-1/2 9,420 319.3 4,566 133 58.9 114.0 


* No initial skull 
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ence of current was independent of electrical poten- 
tial. 

Ladles of different sizes were used with results 
shown in Fig. 12 and 18. Since only three ladle sizes 
were available for use, it is difficult to draw conclu- 
sions. However, it appears that there were optimum 
operating conditions that resulted in maximum effici- 
ency while the trend of molten metal temperature in- 
creased as the ladle diameter decreased. 

A trend toward lower operating efficiencies at high- 
er furnace pressures is indicated by Fig. 14. Interpre- 
tation is handicapped by a shortage of information, 
but molten metal temperatures did not seem serious- 
ly affected by pressure changes. Values of 3831F 
(2110 C), 3750F (2065 C), 3759F (2070 C), and 
3840F (2115 C) were calculated at pressures of 89 
microns, 160 microns, 164 mm, and 527 mm, respec- 
tively. 

Results for the various alloys available are compared 
in Table 8. Probably the most significant facts in- 
ferred by these data are that molten metal tempera- 
tures were generally higher and operating efficiencies 
were lower for alloys containing manganese. On the 
basis of previous routine experience the lower effi- 
ciencies were expected. It had been assumed that the 
reason for this was an excessive loss of heat by vapor- 
ization of manganese. 

The existence of higher temperatures and the pres- 
sure levels maintained (Table 7; completely contradict 
this notion. It now appears that the explanation of 
lower efficiencies in the case of manganese alloys 
goes much deeper, and involves a basic influence of 
manganese on the arc discharge mechanisms. 

The temperatures of skull metal were remarkably 
uniform throughout, regardless of operating conditions. 
Variations were random, and could not be related 
to operating conditions. Calculated values ranged 
from 2523F-3002F (13885 C-1650 C), and averaged 
2731F (1500 C). The one 3002F (1650 C) value was 
obtained with commercially pure titanium. This is 
probably too high since the melting point is only 
3020F (1660 C). The estimated error for all report- 
ed metal temperatures is + 90F (+ 50 C). 

The similarity between the fraction of the total 
charge poured and the fraction of total heat con- 
tained by molten metal is shown in Fig. 10, 12, and 
14. Although this seems perfectly logical, it could 
not be anticipated. The heat content of molten metal 
must certainly depend to some extent on the volume 
or mass of molten metal, but not necessarily on the 
fraction of total charge represented by that mass. The 
similarity does not represent a cause and effect rela- 
tionship. Comparison of the three graphs reveals that 
a given yield does not always correspond to the 
same portion of heat in molten metal. 

The heat lost during arc operation, and not appear- 
ing in either cast metal or the residual skull, varied 
widely from about 30 per cent to 70 per cent of the 
total heat input. However, the manner in which direct 
heat losses were dissipated was fairly consistent. Of 
this direct loss, 80-88 per cent was included in the heat 
content of cooling water from the ladle. Another 
10-20 per cent represented heat generated in water- 
cooled electrode components. This includes friction 
brushes used to apply power to the stinger shaft. 



































80, 
7. 
7 | 
- Pd a 1G | Weight 0. Poure: | 
. | oT ‘Wit tee } 
ee or. ° | “ae J 
= 60}—e a 
a 5 | 
Fig. 12—Heat dis 55) | | _ aed n toyng gl |_| 
tribution and metal = janet ; “2 ~L 
yield as functions © | ° bin 5 
ladle diameter. z a a RE PEE Ta 
2 ~~ Quect® Qperonna = 7 
oO T | | 
= 30 —— } + 
u Bed 9 
| | | 
20} 4 ers eee — 
| ve ee oe reo thn Sob. Shull Metol, | _ « 








13 > ae iV i2 i3 i415 
AVERAGE LADLE DIAMETER-INCHES 


TABLE 8 — VARIABLE ALLOY SERIES, RESULTS 
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SA 17397 Ti-6AL4V 13.2 3805 71.3 39.06 9.0 52.0 

( 2098 C) (1535 C) 
SA 17774 Ti-6Al4V 11.9 3849 F 2760F 59.9 43.8 16.3 39.9 


2120 C) ( sean C) 

SA 17798 Ti 13.7 (S308 C) (105 os6 C) 68.4 408 10.3 48.9 

SA 18011 Ti-4Al4Mn 9.9 4425F 3589 F 318 165 16.7 66.8 
2440 C) (1420 C) 

SA 18066 Ti-8Mn 7.22 4460F 2930F 43.3 18.1 124 69.5 
(2460 C) (1610 C) 

SA 18080 Ti-8Mn 11.5 4139F 2617F 34.1 19.0 184 62.6 
(2280 C) (1435 C) 
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Fig. 13 — Temperature of poured metal as a function of ladle 
diameter. 
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Fig. 14 — Heat distribution and metal yield as functions of 
furnace pressure. 








360 


TABLE 9 — CARBON ANALYSES OF SURFACE SAMPLES 
(0.005 IN. DEEP) FROM AS-CAST CUBES, DISPLAYED 
ACCORDING TO CUBE SIZE AND CUBE FACE 


Test Cube Sizes 





Cube _ 
Face 8 in. 6 in. 4 in. 2 in. lin. Ave. 


Top 643ppm 467ppm 788ppm 635ppm 923ppm 69lppm 

Front! 447ppm 583ppm 525ppm 572ppm 1038ppm 633ppm 

Sides 652ppm 635ppm 585ppm 639ppm 619ppm 626ppm 

Rear2 855ppm 547ppm 750ppm 867ppm 1695ppm 907ppm 

Bottom 480ppm 973ppm 678ppm 588ppm 1403ppm 824ppm 

Ave. 615ppm 64lppm 629ppm 660ppm 1136ppm 736ppm 

Note: Values for 6- and 8-in. sizes represent an ave. of 3 
cubes, values for 2- and 4-in. sizes represent an ave. of 
6 cubes, and values for the 1-in. size represent an ave. of 
4 cubes. 

1 Cube face opposite the rear. 

2 Cube face through which metal was gated into the cube. 











TABLE 10 — CARBON ANALYSES OF SURFACE SAMPLES 
(0.005 IN. DEEP) FROM AS-CAST CUBES, DISPLAYED 
ACCORDING TO CUBE SIZE AND MOLD MATERIAL 








Cube Size, In. Machined Graphite Rammed Graphite 
4 635 ppm 2625 ppm 

9 785 ppm 1408 ppm 

1 972 ppm 3548 ppm 
ave. 797 ppm 2527 ppm 
average of 1- to 4-in. 

sizes from Table 9. 808 ppm 





Less than one per cent appeared as miscellaneous 
losses through furnace walls. 

Unfortunately, complete evaluation of the castings 
produced as part of the experimentation described 
above is laborious and time consuming. Consequently, 
full information is not yet available, but results of a 
cursory analysis of reactions between molten metal 
and molds appear in Tables 9 and 10. No ordered 
correlations were detectable between the degree of 
mold reaction and the various operating variables that 
influenced metal temperatures. Cubes cast under a 
variety of operating conditions were lumped together 
for the purposes of the tabulations. 

The only pronounced implication to be drawn from 
Table 9 is that the l-in. molds were more susceptible 
than the larger sizes to attack by molten metal. This 
is believed a consequence of a washing action that is 
encouraged by the small dimensions. 

In larger molds the force of metal flowing in is 
dissipated over surface areas that are larger and 
more remote from the point of metal entry. Table 10 
shows that the surfaces of cubes cast in rammed 
graphite molds are sufficiently contaminated to have 
low corrosion resistance. Sand blasting and pickling 
of such castings should readily expose corrosion-resist- 
ant metal. Typical analyses for carbon in the melting 
stock used to produce the cubes ranged between 100 
and 200 ppm. 


CONCLUSION 


Consumable-electrode, cold-mold arc-casting in a 
vacuum has been demonstrated to be a _ practical 
method of processing reactive metals. The technique 
is adaptable to the production of special shapes by 
either static or centrifugal casting. In some instances 
this provides the only means of satisfying require- 
ments for corrosion resistance, alloy homogeneity, 
high temperature strength, or special nuclear prop- 
erties. 


Reactive Metal Casting 


The practice should not be considered competitive 
with vacuum-induction casting, levitation melting, or 
electron-gun melting. These methods supplement each 
other yielding a broad range of processes capable of 
satisfying a broad range of requirements. 

As currently practiced, arc casting is not without 
limitations. To date, metal or alloys melting above 
about 4175F (2300 C) have not been cast. Costs are 
relatively high (about $12.00 per lb from sponge 
casting for titanium). There is room for improvement 
in mold designs. Other methods of improving product 
soundness need to be explored. 

The electrical efficiency of the technique is sur- 
prisingly high approaching 60 per cent when a 10,000- 
amp current is used to melt titanium in an 11-in. ladle 
at a superficial pressure near 100 microns. The best 
means for estimation and control of pouring tempera- 
tures appears to be accurate measurement and control 
of are current. An integrating amp/min meter might 
be advantageous. 

In considering applicability of the process to a spe- 
cific metal, the possible influence of the metal, an 
alloy additive, or an impurity on arc mechanisms must 
be taken into account along with melting point, vapor 
pressure, and reactivity. The choice of a mold mate- 
rial depends on the chemical properties of the molten 
metal being cast, and the use intended for the cast- 
ing. Relatively high-surface contamination may be 
tolerable in many applications. It is conceivable that 
a carbided or oxidized surface could be of advantage 
in some instances where abrasion or local heating are 
factors. 
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GAS PRESSURES IN GREEN SAND MOLD 


By 
C. T. Marek* and C. B. Ward** 


A culmination of intensive experimentation on sand 
characteristics has all but eliminated the typical blow 
due to gas evolution from the sand. Success in this 
achievement can be attributed to development of 
synthetic sands and to analytical methods associated 
with empirical controls. Much data in recent years 
have been compiled, furnishing invaluable aid to the 
technician in modifying sand characteristics and pre- 
dicting results for casting production. 

The purpose of this study was to investigate the 
fundamental nature of this type of blow phenomenon, 
with an expectation that through better understanding 
of its nature, a more basic approach to sand tech- 
nology may evolve. A logical analysis was pursued 
by first recognizing the basic components that affect 
the activities of the process followed by an evalution 
of theories concerning their interactions. Theoretical 
and speculative deductions were then verified with 
experimental conclusions. 


THEORETICAL CONSIDERATION 


Mold pressure may be created by confinement of 
steam. Its intensity is dependent on moisture content 
and flow of heat through sand. Whether a mold blows 
or not, depends on two factors: 1) the rate of genera- 
tion of steam at the time metal is molten, and 2) the 
flow characteristics of the confined vapor through 
sand. A certain pressure must be developed to force a 
blow, and this pressure can be achieved only if there 
is sufficient capacity to generate the gas and confine 
it at the time that metal is still molten. Therefore, this 
problem resolves itself to an investigation of the flow 
of both heat and gas through molding sands. Mois- 
ture in this problem is the principal independent 
variable. 

When molten metal comes to rest in a mold cavity 
its superheat is practically exhausted and primary 
precipitation is in progress. Moisture in the sand 
adjacent to the metal will immediately vaporize, 
creating a pressure which under normal conditions 
is less than the hydrostatic pressure of the metal. This 
initiates a system of events which continues under an 
ever-changing situation of variables. 


°Prof., Metal Processing Dept., School of Chemical and Met- 
allurgical Engineering, Purdue University, Lafayette, Ind. 

°°USAF, Materials Laboratory, Wright Air Development Cen- 
ter, Wright-Patterson AFB, Ohio. 
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Almost immediately a mold-metal interface is de- 
veloped, creating considerable temperature drop be- 
tween the heat source and the sand, which has the 
heat absorbing body. At some specific moment there 
exists three simultaneous thermal arrests. The solidi- 
fication reaction rejects heat, supplying energy to the 
vaporization zone, which, in turn, provides the am- 
bient heat in the area where the vapor condenses 
again. The pressure differential created in the vapor- 
ization zone causes vapor to flow through the speci- 
men. As soon as the vapor reaches a temperature 
below 212 F, it condenses and the heat of reaction 
is rejected into the ambience. Thus, water vapor is 
the chief medium by which heat is distributed through 
the green portion of the mold. As soon as a part of 
the specimen reaches a temperature of 212 F, it ceases 
to be a heat absorbing body. It then functions as a 
transmittal medium to promote passage of vapor to a 
more distant condensation zone. 

To recapitulate, there are four areas or zones in the 
sand system which are continually changing in posi- 
tion and possibly in length. They are illustrated in 
Fig. 1 and are described as follows. 
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Fig. 1—Sectional view of experimental mold. Bottom view 
shows changes in temperature of various sand zones. 
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1. The dry zone adjacent to the mold-metal inter- 
face increases in depth as a result of moisture 
vaporization. Its rate of increase is dependent 
on the conductivity of dry sand, temperature of 
the metal, and moisture content of the green 
sand. 

2. The vaporization zone is a narrow section which 
moves ahead of the dry-sand, generating vapor 
as it progresses. 

3. The 212 F zone continually changes in length 
and position. One end of the 212 F zone degen- 
erates as it is consumed by the vaporization zone, 
the other end grows as moisture is deposited. Its 
rate of growth is dependent on the specific heat 
of green sand, its density, and the degrees of 
temperature below 212 F. 

4. The condensation zone is similar to that of the 
vaporization zone, except the reverse function is 
performed. A temperature rise is accompanied 
with an increase in moisture content. 


Top View 





Mold Gas Pressure 
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EXPERIMENTAL METHOD 

Since permeability and pressure are both functions 
of moisture content, it was necessary to consider them 
simultaneously. Pressure was correlated with time for 
consideration of rate changes, and moisture was 
chosen as the control variable of the experiment. This 
constituted the first part of the procedure. The second 
part determined temperature gradients in the mold 
at various time intervals. All the castings were sec- 
tioned, and attempts were made to correlate experi- 
mental data with the observed blow cavities. 

Pressure Measurement. In the preliminary work of 
this investigation, it was observed that the highest 
gas pressure in molding sands exists beneath the 
mold cavity in the drag. An attempt, therefore, was 
made to design an experiment that would simulate 
the typical mold. The flask (specimen holder) for 
this experiment consisted of a steel tube 3 in. diam- 
eter and 6 in. long as shown in Fig. 2. Molten metal 
was poured into the top of the tube to produce heat- 
ing of the sand in a manner similar to the bottom of 
a mold cavity. 























Fig. 4—Modified permeability tester. men tube. 





— 
23 
3 ae 
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tube and support blocks. 
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The procedure in ramming the specimen was ac- 
cording to AFS recommendations, except that the 
weight of the rammer was changed to obtain the 
same degree of compaction as the smaller 2 in. stand- 
ard specimen. Derivation of the size of weight and 
height of fall are given in Appendix A. Figure 3 
shows the ramming apparatus and illustrates the pro- 
cedure. A modified permeability tester shown in Fig. 
4 was used to determine the as-rammed permeability 
of the mold. 

A 1/4-in. O.D. by 5 in. long copper tube was ram- 
med in the specimen for mold pressure determina- 
tions. An inclined water manometer, registering one 
in. of water pressure per 4-5/8-in. length of inclined 
manometer tube, was connected to the copper tube 
in the specimen with rubber tubing. 

Temperature Measurement. A regular specimen 
tube, altered with six 3/16-in. diameter holes to admit 
thermocouples for temperature gradient determina- 
tions was prepared as shown in Fig. 5. One of the 
thermocouples was placed near the mold-metal inter- 
face in the mold cavity to determine metal tempera- 
tures at that level. The remaining five chromel-alumel 
thermocouples were located in the sand at intervals 
of 3/8-in. from the mold-metal interface. 

The thermocouples were connected to a multiple- 
record strip chart recorder which recorded one tem- 
perature every two sec, thus recording the tempera- 
ture at one level every 12 sec. The chart speed was 
set at 60 in. per hr. 

Pressure Measurements. Experiments were per- 
formed on a non-ferrous, naturally bonded molding 
sand of the following properties. 


Dry density—98.5 Ib per cu ft 

Optimum green strength—14.3 psi at 5.4 per cent moisture 
Optimum permeability—35 at 4.4 per cent moisture 

AFS grain fineness—129 

Grain distribution 





Mesh Retained Mesh Retained 

No. on Screen, % No. on Screen, % 
6 0.2 100 15.0 

12 0.2 140 21.6 

20 0.2 200 19.6 

30 0.2 270 7.8 

40 0.4 Pan 8.3 

50 13 Clay 20.0 

70 5.3 





Enough sand for the entire investigation was sep- 
arated from the foundry sand system and mulled as a 
single batch for 6 hr to thoroughly mix the sand and 
clay particles. It was then stored in a steel cart and 
removed to the sand laboratory to reduce the possi- 
bility of gravity segregation and contamination. At 
the start of each day’s experimentation, a small amount 
of sand was prepared to the desired moisture content 
in a laboratory muller. After mulling it was riddled 
through a 25 holes per sq in. riddle, placed in one- 
gallon jars, and allowed to set for one hr to promote 
honding stability and homogeneity. Four tests of a 
given moisture content were available from a single 
batch contained in two jars. 

After a one-hr lapse, the moisture content was again 
determined, and enough sand was riddled through a 
144-holes per sq in. riddle for a test specimen. In the 


Fig. 7 — Right — 
Pressure test spec- 
imen ready for 
pouring. 
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ramming procedure, a 1/8-in. diameter rod was in- 
serted in the copper tube to prevent sand from enter- 
ing the tube. Rammiing was performed by dropping a 
16 lb weight, three times from a height of 3.9 in. The 
pressure tube which extended to 3/8-in. of the mold- 
metal interface was then cleared by removal of the 
1/8-in. diameter rod. 

The permeability test according to the AFS form- 


ula, P -— , consisted of passing 2000 cc of air 


through a 2 in. high specimen with a 7.06 in.? area. 


Permeability numbers were presented in the custom- 
4 


ary c.g.s. units, namely —_———. 
min gm 

Following the permeability test and a hardness 
check, the manometer connection of rubber tubing 
was carefully made, and the assembly was supported 
on two iron blocks as shown in Fig. 6. A bench flask 
was placed around the specimen tube and filled with 
loosely packed molding sand, as shown in Fig. 7, to 
insulate the specimen from heat losses. Figure 8 shows 
the assembly as it stands ready to be poured. 

The metal used was an aluminum casting alloy with 
an analysis of 5% Si, 1.3% Cu, 0.5% Mg, and the re- 
mainder Al. Its liquidus temperature is 1160 F, and 
the solidus temperature is 1050 F. The metal was 
poured at 1360 F. 

As soon as the specimen tube was filled to the top 
with molten metal, an aluminum cylinder 2-3/4-in. 
diameter by 6 in. long was inserted in the tube to 
chill the top surface of the metal. This provided a 
gastight seal on the top of the specimen tube and 
prevented mold gas from bubbling out through the 
metal. Figure 9 shows the test after it had been 
poured. 

Pressure readings at regular intervals of time were 
recorded as soon as pouring began, and were con- 
tinued until a maximum value was passed. Typical 


Fig. 8 — Specimen 
tube in flask-pres- 
sure test. 
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Fig. 9 — Pressure 
test after pouring. 





pressure-time plots are shown in Fig. 10. Readings 
were taken at 5-sec intervals and recorded by checking 
off the manometer height of graph paper placed be- 
hind the manometer tube. 

Temperature Measurements. The specimen tube 
containing six holes for thermocouples was prepared 
by jolting the sand twice, inserting the thermocouples, 
and finally applying the third jolt. The pressure tube 
was retained in the specimen to duplicate heat trans- 
fer conditions existing under the pressure measuring 
setup. Obviously, the permeability of this specimen 
could not be measured since the holes for the thermo- 
couples allowed air to escape. The specimen tube was 
then carefully packed in the center of the flask as 
shown in Fig. 11. Extra precautions were taken so 


% Moisture 
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Fig. 10—Typical plots of pressure vs. time for sand moisture 
contents. 


Fig. 11 — Speci- 
men tube for tem- 
perature test. 





Fig. 12—Tempera- 
ture test ready for 
pouring. 


Mold Gas Pressure 


that none of the thermocouples shorted out on the 
metal flask. 

Connectors were used to complete the circuit to 
the recorder, and the mold was ready to be poured, 
as shown in Fig. 12. The mold was poured and 
plugged as in previous practice, and 6-position tem- 
perature gradients were obtained at regular time 
intervals. 

RESULTS AND CONCLUSIONS 

Pressure measurements and their relationship to 
moisture and permeability are tabulated in Table 1, 
and illustrated graphically in Figs. 13, 14 and 15. 
Where more than one test was made on a given batch, 
the data are plotted as an arithmetical average. 

In the determination of the effect of moisture on 
maximum mold pressure, it was apparent during the 
early periods of experimentations that a disrupting 
uncontrolled factor was in operation. It was also ob- 
served that this disturbance was greatest at moisture 
contents in excess of 7 per cent when casting inden- 
tations (referred to as blows) began to appear. 

In fact, the size of the blow hole appeared to have 
a direct relationship to the observed maximum pres- 
sure. At a given moisture content, the larger the blow 
cavity, the lower was the observed pressure. This 
seems reasonable since the blow cavity produces a 
larger confined volume for a given amount of vapor. 
Since the volume of the blow cavity was different in 
each test, reproducibility of pressure data was poor. 
However, it seemed apparent that measured maxi- 
mum pressures varied inversely with the size of the 
blow cavity. 
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TABLE 1 — AVERAGE BATCH PROPERTIES 





As-rammed Maximum Pressure 





Sand Batch Moisture,% Permeability ¥-in. HeO 
1 5.1 52.9 7.3 
2 5.4 59.0 7.2 
3 6.1 58.6 7.8 
4 7.0 54.8 8.5 
5 7.0 56.0 7.7 
6 7.8 46.0 8.2 
7 8.3 43.0 9.94 
8 8.4 47.0 8.3 
9 9.2 42.1 9.3 
10 10.5 28.0 Metal blew 


out of mold 
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(P) Average as Rammed Permeability Number 





6 7 8 9 10 iu 


(M) Percent Moisture 
Fig. 13—Effect of moisture content on as-rammed permeability. 


As would be expected, Fig. 14 confirms the fact 
that mold pressures decrease with increasing permea- 
bility. Since permeability is a function of moisture 
content, as represented in Fig. 13, it is obvious that 
changes in permeability up to an optimun of 5.5 per 
cent moisture tend to counteract (reduce) the pres- 
sure-producing effect of vapor generation. With in- 
creasing moisture content beyond this optimum value, 
the opposite is true; a decreasing permeability pro- 
motes an increasing pressure. 

It is logical to assume, therefore, that this additive 
pressure effect would be noticeable in experimental 
results. This becomes apparent on the graph of Fig. 
14 in the neighborhood of 7.8 per cent moisture. It is 
of interest to note that points a and b are on the up- 
ward slope of the moisture-permeability graph and 
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Fig. 15—Effect of moisture content on maximum mold gas pres- 
sure. 
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(P) As-rammed Permeability Number 
Fig. 14—Effect of permeability on maximum mold gas pressure. 


therefore do not coordinate with the illustrated curve. 

At 10.5 per cent moisture a severe blow was pro- 
duced which blew most of the molten metal out of 
the specimen tube. Needless to say, such a situation 
is dangerous, and precautionary measures were taken 
to protect the researchers from injury. A metal hood 
was placed over the specimen tube about 16 in. above 
the mold to prevent molten metal from shooting high 
into the air. This hood proved an effective safety 
device. 

A typical time-temperature-distance from mold-met- 
al interface relationship is shown in Fig. 16. This 
illustrates the rate of heating of the sand specimen. 
As has been confirmed by others’, the rate of heat 
extraction was approximately the same for all moisture 
contents tested. Figure 17 shows the rate of movement 
of the interface between the 212 F zone and the 
evaporation. 

In considering what took place inside a specimen 
tube under blow conditions, it appeared that the ef- 
fect of three different mechanisms had to be corre- 
lated: 1) the vaporization and subsequent condensa- 
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iistar 
inches from mold-metal 
interface 
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Fig. 16—Time-temperature-distance from interface for sand of 
5.4 per cent moisture content. 
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Fig. 17—Depth of sand at 212F vs time for a sand of 5.4 per 
cent moisture. 


tion of moisture, 2) the formation of a blow cavity, 
and 3) the effect of internal shrinkage in the metal. 

As molten metal enters the mold some moisture im- 
mediately flashes into steam, producing a pressure 
build-up which is proportional to the inability of 
sand to exhaust gases. Under certain conditions this 
pressure build-up may be sufficient to push the par- 
tially solidified metal upward, forming blow cavities 
of various design as illustrated in Appendix B. As met- 
al continues to solidify, internal shrinkage occurs. 
Since the solidifying metal is contained in an airtight 
shell, a vacuum is created inside the casting which 
will tend to pull the partially solidified metal of the 
side wall inward. 

It is a highly speculative point as to how much, if 
any, internal vacuum correlates with mold pressure 
in the disfigurement of the casting bottom. There is 
not much question as to the mechanism of a typical 
blow which causes metal and gas to spurt out of 
the sprue of the mold. This type of a blow occurs 
within seconds after the time the mold is poured, and 
vacuum has no effect on the system. 

If mold pressure is not sufficient to blow metal out 
of the mold and a thin skin forms at the mold-metal 
interface, a delicate balance may exist between the 
opposite sides of the membrane. The vacuum partial- 
ly overcomes the gravitational force of molten metal 
which bears against one side of the membrane, and 
mold pressure on the other side. 

The following calculations were made to compare 
the values of conductivity and permeability with com- 
monly accepted values, and to compare computed 
pressures with those observed in the experiment. 
Since the open end of the pressure tube was 3/8-in. 
from the mold-metal interface, all computations were 
based on the time of 2 min, corresponding to a dry- 
sand specimen depth of 3/8-in. 

To reduce space-consuming details, various units 
such as densities, specific heat, etc., are converted into 
convenient dimensions in Appendix C. 


Mold Gas Pressure 


Growth of Zones. A comparison of the growth of 
the 212 zone with that of the dry-sand zone, pro- 
vides an excellent perspective of the basic mechanism 
underlying the mold pressure phenomenon. The fol- 
lowing derivation is based on the theory that the 
heat consumed in vaporizing moisture in one zone, 
becomes available again in a cooler zone where vapor 
condenses back to moisture. For zone designations, 
refer to Fig. 1. 

a) Heat (Qa) required to evaporate moisture in the 
d zone. 
Qa = Ad pM H, = 7.06 x 0.375 x 0.060 x 0.054 
x 970 = 8.338 BTU 
where A = 7.06 in.? (area), d = 0.375 (length of 





dry-sand zone), p = 0.060 ab (density of sand), 
ie BO m 
M = 0.054 oat (moisture content) H, = 970 


a (heat of vaporization at 212F and 14.7 psi) 


Heat (Q,,) absorbed per in. of green sand to raise 
its temperature from 90F to 212F. 
Q, = VpC,(AT) = 7.06 x 0.060 x 0.234 x (212-90) 


= 121 tof specimen 
Where V = 7.06 in.? (Volume of 1 in. of specimen), 
p = 0.060 Ib/in.* (density of sand), C, = 0.234 
BTU/lb/F (specific heat of green sand), AT = 
(212 - 90)F (temperature rise in sand) 
c) Length (h) of 212F zone when the d zone is %-in. 
long. h = item b/item a = 8.33/12.1 = 0.692-in. 
d) Ratio of growth of h zone to d zone = 0.692/0.375 
= 1.84 

The significant feature of this derivation points out 
the principal mechanism by which heat is transferred 
in green sand. To elucidate on this point we may con- 
sider water as the carrier of heat. Its capacity is prin- 
cipally the heat of vaporization, and its velocity of 
flow is directly related to the pressure potential and 
inversely proportional to frictional resistances. The 
theoretical growth of the h zone being 1.84 times as 
great as the d zone, signifies a steadily increasing 
length of the h zone. It follows therefore that resist- 
ance to flow of vapor increases with time, and this is 
accompanied by an increasing pressure and decreasing 
flow. 

In the actual experiment it was found that the 
growth of the h zone was more rapid than theoretical 
calculations indicate, the ratio being 3.34 as compared 
to the theoretical 1.84. No attempt was made to iso- 
late and to experiment with various side effects that 
would influence the more rapid movement. A small 
portion of this effect may be attributed to heat con- 
duction through the h zone, promoted by a tempera- 
ture difference of (212 — 90) F. 

Another likely influence is based on the possibility 
that the condensation zone may not be a cross section- 
al plane, perpendicular to the specimen axis. Irregu- 
larity could be attributed to the possibility of greater 
vapor flow through the center of the specimen than 
at the side walls. This would lead to a condensation 
zone of similar contour. Thus, the volume of sand at 
212 F could be the same as that computed, but the 
zone extending along the center line where the ther- 
mocouples were located, would indicate a longer h 
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zone. Also the effect of conductivity through flask 
walls lessens the effect on condensation in the sand 
adjacent to the flask. 

Conductivity of Sand. As a matter of confirming the 
reliability of this experiment it is of interest to de- 
termine the conductivity of dry sand in the d zone, 
on the basis of experimental results. It is also of in- 
terest to compare this value with published and 
generally accepted values of sand conductivity. 

The movement of the dry zone being 3/8-in. in 2 
min or 11.25 in./hr, the average amount of heat being 
consumed in vaporizing moisture is as given below. 


Q=ARpM H, = 7.06 X 11.25 X 0.060 x 0.054 x 
970 = 250 Btu/hr 
Where 
A = 7.06 in.” (area of specimen ) 
R= 11.25 in./hr (rate of movement of d zone), 
p = 0.060 Ib/in.* (density of sand ) 
M = 0.054 lb H,0/lb sand ( moisture content) 
H, = 970 BTU/lb H20 (heat of vaporization of water) 
The conductivity (k) of sand based on experimental 
values is computed from the basic heat flow formula 
Q =AkAT/x 








lee 0.037 1 1 
k= “ar ~20*—qo— * Goda * G38 
= 0,0250 BTU /ft hr F 

Where 


Q = 250 BTU/hr (heat consumed in evaporating 

moisture), x = 0.375/12 ft (length of d zone), 

A = 0.049 ft? (area of specimen), AT = 638F (Tem- 

perature gradient 850 - 212) 

A thermal conductivity of 0.250 BTU/ft hr F is a 
reasonable value which compares favorably with pub- 
lished values. For example a 20-30 sand described by 
Paschkis‘ and others, has a conductivity value of 
0.133 at 212 F. At 850 F the conductivity rises to 
0.270 BTU/ft hr F. The mean conductivity is 0.199 
BTU /ft hr F. 

Permeability. Using experimental data, it is possible 
to speculate on permeability limits in the “h” zone as 
they actually exist under operating conditions. On 
the premise that the “h” zone is the calculated length 
of 0.692 in., permeability computations may be made 
with the formula q = AP Ap/h. 





h 0.0918 
P= q —= X U.692 X . = 
\Ap 200 x 0.692 7. x 0.0248 
72.4 cm*/min gm 


Where 

P = in.*/min lb ( permeability ) 

q = 200 in.*/min (average rate of vapor generated, 

see Appendix C) 

h = 0.692 in. (length of 212F zone) 

0.0918 = conversion factor to the cm-gram system. 

(See Appendix C ) 

A = 7.06 in.” (area of specimen ) 

Ap = 0.248 Ib/in.? (experimental gage pressure at 

%s-in. from interface and 120 sec). 

The permeability of 72.4 should be interpreted as 
the minimum value that would be required to permit 
an average flow rate of 200 cu in. per min of vapor 
to flow through the h zone. Under these conditions 
pressure would remain constant, and a steady state 
flow would exist. A steadily rising pressure, however, 
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indicates that the existing permeability of the sand 
is incapable of maintaining equilibrium. 

The as-rammed permeability value of 58 indicates 
a deficiency in permeability. Therefore, as is confirmed 
by experiment, pressure should rise. The addition of 
moisture to the h zone by deposition of water through 
condensation, tends to reduce the as-rammed permea- 
bility and to contribute toward an increasing pres- 
sure rise. 


CONCLUSION 

The authors are cognizant that there were many 
side activities which influenced the system under 
investigation, and that there is considerable need for 
refinement, both in the experimental and theoretical 
approach. However, despite the lack of consideration 
of unsteady state conditions, it is apparent and in- 
teresting to note that reasonable answers and fair 
correlations are available. 

No doubt there are many compensating errors, as 
might be found in the consideration of permeability. 
Because of the difference in viscosity and density of 
water vapor, its flow characteristics may be somewhat 
better than that of air. However, because of the de- 
position of moisture in the h zone, the passage of 
gas through the sand medium becomes more dif- 
ficult. The degree of cancellation of one factor over 
the other has not been determined and must await 
further investigation. 

Although much progress has been made in under- 
standing processes through empirical investigations, 
one might find it stimulating and quite advantageous 
to venture into the theoretical aspects when searching 
for solutions for various phenomena. 
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APPENDIX A 
Calculation of Compaction Energy of Experimental 
Rammer 


A. Compaction energy of standard AFS rammer: 
Three 2 in. drops of a 14-lb weight. Specimen 
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Mold Gas Pressure 


APPENDIX B 


8.3% Moisture 
Pressure --- 12 eighths 
Very slight blow 








9.0% Moisture 
Pressure --- 9.25 eighths 


RE Medium blow 





diameter is 2 in. 
14 Ib X 2 in. = 28 in.-lb/drop 
28 in.-lb/msq in. = 8.92 in.-lb/sq in. 

B. Compaction energy of experimental rammer: 
Three ? in. drops of a 16-lb weight. Specimen 
diameter is 3 in. 

(1.5)?x sq in. = 7.07 sq in. 
8.92 in.-lb/sq in. X 7.07 sq in. = 68 in. Ib 
63 in.-lb/16 lb = 3.98 in. 
Need three 3.93 in. drops of the 16-lb weight. 


APPENDIX C 


Units and Designations 


(A) Area of specimen 
A = r(8)?/4 = 7.06 in.” or 0.049 ft? 

(p) Density of sand 
p = 27.3 g/in. or 0.06 lb/in.® 

(H) Heat of vaporization of water at 14.7 psi and 
212F 
Hg = 970 BTU/Ib 

(C,) Specific heat of sand at 90F and 5.4 per cent 
moisture. Reference (6) 
C, = [0.054 Ib H,O/Ib green sand X 1 Btu/Ib 
H.O] + [(1-0.054) Ib dry sand/Ib green sand x 
0.19 BTU/Ib dry sand] = 0.284 BTU/Ib 

(V) Volume per in. of specimen 
V = 7.06 in.*/in. or 0.00407 ft®/in. 

(Ap) Gage pressure (above atmosphere ) 
Ap = 1 in. H2O or 0.0361 Ib/in.? 

(v) Specific volume of steam at 14.7 psi and 212F 
v = 26.82 ft®/Ib or 46,500 in.*/Ib 

(P) Permeability 
P = 1 in.*/lb min = 0.0918 cm*/min gm 

(q) Average rate of steam generated in dry zone 
q = AdpMv/t = 7.06 x 0.875 x 0.060 x 0.054 
xX 46500/2 = 200 in.?/min 


Sectional Tracings of Blown Castings | 





9.3% Moisture 
Pressure - 10.5 eighths 
Slight blow 








8.2% Moisture 
Pressure - 6.5 eighths 
Large blow 





Where 
A = 7.06 in.? (area) 
d = 0.375 in. (length of dry sand zone at 120 sec) 
p = 0.060 Ib/in.® (density of sand ) 
M = 0.054 Ib H.O/Ib sand (moisture in sand ) 
v = 46,500 in.*/lb (specific volume of steam ) 
t = 2 min (time for dry sand zone to reach %-in. 
length). 


APPENDIX D — EXPERIMENTAL PRESSURE DATA 





As-rammed Maximum Pressure 





% Moisture Permeability (%-in. H2O) Remarks 
5.1 56.0 6.4 
5.1 53.5 y de | 
5.1 49.4 7.8 
5.4 60.0 7.0 
5.4 58.5 7.3 
5.4 58.5 7.4 
6.1 58.5 7.8 
6.1 59.5 8.3 
7.0 57.0 72 
7.0 53.3 8.7 
7.0 54.0 9.5 
7.0 55.3 75 
7.0 58.5 7 
7.0 54.2 8.0 
7.8 46.0 7.6 Medium blow cavity 
7.8 45.4 8.2 Small blow cavity 
7.8 46.5 8.7. No blow cavity 
8.3 50.6 16.5 _— Slight blow cavity 
8.3 46.4 8.4 Large blow cavity 
8.3 46.4 8.0 Medium blow cavity 
8.3 46.6 9.1 Slight blow cavity 
8.3 48.2 7.7 | Medium blow cavity 
9.1 35.7 8.3. Large blow cavity 
9.1 41.6 10.3 _— Slight blow cavity 
9.1 43.6 9.3 Medium blow cavity 
9.1 47.3 9.1 Large blow cavity 


10.5 28 No casting — metal blown out of mold 
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SOLIDIFICATION AND RISERING OF GRAY IRON CASTINGS 


By 


Clyde M. Adams, Jr.*, Merton C. Flemings* and Howard F. Taylor** 


ABSTRACT 


This work represents the detailed conclusions of an 
eight-year research program on solidification and risering 
of gray iron castings. Experimental data and theoretical 
analyses are used to delineate the fundamental variables 
for determining shrinkage in gray iron. 

The natural reduction in volume accompanying the 
cooling of gray iron from the liquid to the solid depends 
on metal chemistry. However, the size and location of 
voids resulting are dependent not only on chemistry but 
also on factors which influence the movement of the 
casting surface. These are: 1) size and shape of the 
casting, 2) action of atmospheric or ferrostatic pressure, 
3) characteristics of the molding material, and 4) size, 
shape, location and thermal treatment of gates and risers. 
In many cases the heterogeneous expansion resulting 
from graphite precipitation accentuates, rather than min- 
imizes, solidification shrinkage. 

A discussion is presented of the basic principles on 
which gray iron risering is based. A series of castings 
shown illustrate how these principles apply to the prac- 
tical risering of gray iron castings. 


INTRODUCTION 


This paper presents detailed conclusions resulting 
from eight years research in the M.I.T. Foundry Lab- 
oratory on solidification and risering gray iron castings. 
Over five of these eight years were under sponsorship 
and guidance of the Research Committee of the Gray 
Iron Division, AFS. Added financial aid came from 
the International Nickel Company. The last three years 
work was sponsored entirely by the International 
Nickel Company. 

It is not the purpose of this paper simply to re- 
phrase the findings contained in the six progress re- 
ports. These are already in the hands of the mem- 
bership. It is the purpose here to present a definitive 
expression of the current state of knowledge concern- 
ing fundamental variables in solidification and risering 
of gray cast iron. Results obtained stem chiefly from 
direct experimentation. They reflect, as well, some 
recent contributions to the literature, (on the thermo- 
dynamics of the iron-carbon-silicon system) and con- 
current studies of solidification and heat transfer (in 
metals other than cast iron). These studies have con- 
stituted part of the foundry research program at 
M.LT. for the last several years. 


* Assistant Professor, Department of Metallurgy, Massachusetts 
Institute of Technology, Cambridge. 

°°Professor, Department of Metallurgy, Massachusetts Insti- 
tute of Technology. 
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As should be expected, statements contained in re- 
cent interim reports indicate some revision of opinions 
formed earlier in the research program. It is partly 
the function of this summary paper to resolve any 
confusion which might arise from previous papers and 
to present under one cover all significant valid conclu- 
sions and data considered consistent with experimental 
observations. For the convenience of the reader, the 
following section of the report is a summary of these 
conclusions. Detailed supporting material is then con- 
tained in following sections or in the Appendix. 


SUMMARY OF CONCLUSIONS 


After developing an annotated bibliography,’ the 
first active step in the research program was an at- 
tempted analysis of castings. These castings were pro- 
duced and supplied through cooperation of the Gating 
and Risering Committee of the AFS.? The conclusions 
formed during this phase were largely negative, but 
helped set the stage for the program which was to 
follow. These initial conclusions (A, B, and C) are 
still considered valid. They pertain to gray irons with- 
in the following composition range: More than 2.8 
per cent carbon, 1-3 per cent silicon, less than 1.5 per 
cent manganese, 0.02-0.5 per cent sulphur, 0.02-0.6 
per cent phosphorus. 


Conclusion A 


Gross localized shrinkage porosity may occur in al- 
most any commercial gray iron cast into conventional 
green-sand molds. The location, magnitude and inci- 
dence of such porosity is variable, even when metal 
and molding conditions are substantially constant. The 
incidence of gross porosity is greatly reduced (fre- 
quently eliminated entirely ) by use of an air- or oven- 
dried, clay-bonded sand, or by use of core-sand molds. 


Conclusion B 


Large conventional risers (similar to those used for 
steel) are expensive, and ineffective in solving many 
green-sand shrinkage problems. In some instances, 
risers apparently aggravate shrinkage. In a dry-sand 
mold, a small riser or just a gate usually produces a 
sound casting. 


Conclusion C 


Green-sand castings are more dimensionally variable 
than dry-sand castings. There is a pronounced tend- 
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ency for certain sections of green-sand castings to be 
over-sized. 

The three conclusions above constitute a fairly com- 
plete statement of the risering problem. Subsequent 
research has been aimed at testing hypothetical explan- 
ations of the erratic shrinkage behavior of cast iron. 
For example, it was felt some of the difference be- 
tween green and dry sand might be attributed to the 
presence or absence of mold gases. One reasonably 
extensive phase of the research work involved studies 
of shrinkage behavior and densities of irons cast in 
green- or dry-sand molds. In these studies various 
gases bubbled through the metal prior to casting. 
From this was deduced the following conclusions. 


Conclusion D 


No evidence has been found to suggest that micro- 
porosity (invisible to the naked eye) has an important 
bearing on shrinkage behavior. It is known some alloy 
systems exhibit microporosity related to evolution of 
dissolved gases. In such systems (aluminum- or cop- 
per-base alloys), the density of cast metal, which 
appears macroscopically sound, may be lowered by 
the presence of microporosity. 

This behavior has not been observed in gray iron. 
In gray iron the density of an apparently sound section 
varies only with composition, and it is not normally 
influenced by the presence of dissolved gases, even 
when solidified under reduced pressure (Fig. 1). Hy- 
drogen (from water vapor) can, however, produce 


Fig. 1 — Photograph of a section of a 5 in. gray-iron cube 
solidified under reduced pressure. Pressure during solidifica- 
tion—less than 1 cm of mercury. 





Solidification and Risering of Gray Iron 


large scale porosity easily visible and of distinctly dif- 
ferent morphology from shrinkage. 

Since the density of the void-free metal was not 
found to vary with casting conditions, there seemed 
to be hope for conducting rigorous book-keeping on 
volume changes which accompany solidification of 
cast iron. Two pieces of apparatus were developed to 
observe volume changes during solidification of test 
castings.*:*,5 


Conclusion E 


Material balances have been derived which relate 
volume changes during solidification to carbon and 
silicon contents. The constants involved in these rela- 
tionships have been selected or estimated as judicious- 
ly as possible from data in the literature or from 
measurements made at M.I.T. Agreement between pre- 
dicted and measured values of shrinkage has generally 
been found within experimental error. Volume changes 
have been further linked to heat-flow analyses per- 
mitting comparison of measured and theoretical curves 
of shrinkage vs time. 

Of course, a material balance can only permit pre- 
diction of total volume changes. It sheds no light upon 
geometric distribution of these volume changes 
throughout a particular casting. At this point certain 
questions might be raised: 1) What causes green-sand 
castings to exhibit dilation during solidification? Is 
dilation simply a consequence of heat and ferrostatic 
pressure acting to exceed mold strength, or is an in- 
ternal, metallurgical push (associated with graphite 
precipitation ) involved? 2) If dilation has a metallur- 
gical origin, does it vary with graphite structure? Do 
alloying elements or impurities influence the tendency 
toward dilation? Research partly answered these ques- 
tions. 


Conclusion F 


The evidence strongly suggests that a powerful ex- 
pansive force occurs during solidification of gray iron. 
This force is related at least indirectly to graphite 
structure. Dimensional growth of green-sand castings 
during solidification is, somewhat paradoxically, asso- 
ciated with increased feeding requirements and shrink- 
age tendencies. Alloying elements which influence 
graphite structure also influence dilation and shrink- 
age. 

Since the practical objective of the research has 
not been solely to collect fundamental information, 
but primarily to rationalize the risering problem, every 
effort has been made to bring the data into a practical 
focus. The most important conclusions concern the 
essential nature of the risering requirements of irons 
cast in green- and dry-sand molds. These are summar- 
ized below. 


Conclusion G 


Irons cast in dry-sand molds require little or no 
risering. The riser need remain liquid only during 
the proeutectic stages of cooling and solidification 
(until the casting is about 20 per cent solid). After 
this feeding is no longer required. An adequate riser 
may (and should) be quite small, but carefully posi- 
tioned. Eutectic or hypereutectic irons cast in dry sand 
generally require no risering. 
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Conclusion H 


Green-sand castings require a much greater volume 
of feed metal at a later stage in solidification than 
do dry-sand castings. The greatest demand for feed 
metal occurs while appreciable graphite precipita- 
tion is taking place near the surface of a casting. 
This causes the partially solid walls of the casting to 
expand and buckle. The buckling is usually outward, 
and increases the volume of the casting cavity. In 
certain instances the buckling and associated demand 
for feed metal may be sudden. The exact mechanics 
of this phenomenon are not easy to appreciate, and 
may frequently involve abrupt yielding of the mold 
wall. 


Conclusion I 


Large risers are frequently ineffective for feeding 
hypoeutectic irons cast in green sand. These irons 
freeze over large temperature intervals. During late 
stages of casting solidification a large riser may be 
too mushy to function properly. The large riser may 
complicate and exaggerate the thermal problem. It 
is necessary to isolate such risers, thermally, from the 
casting. A temperature difference of 100 F or greater 
should be maintained between the riser and the cast- 
ing during solidification. Small, externally heated or 
well-insulated risers have been found remarkably ef- 
fective. In effect, this principle has been utilized in 
measuring shrinkages of various irons.*:*7 


DISTRIBUTION OF SHRINKAGE IN GRAY IRON 
CASTINGS 

A gray-iron casting which solidifies in a sand mold 
experiences a natural reduction in volume dependent 
on composition and pouring temperature. This shrink- 
age has been measured and evaluated,®:* and detailed 
results are presented in the following section. The 
actual size and location of the void which results, 
either in the casting or in the riser, depends upon 
factors influencing movement of the casting surface. 
These factors are: 1) The size and shape of the cast- 
ing, 2) the action of atmospheric or ferrostatic pres- 
sure, 3) the characteristics of the molding material, 
and 4) the size, shape, location and thermal treatment 
of gates and risers. 

The paradox of gray iron is that heterogeneous ex- 
pansion accompanying precipitation of graphite is 
even more likely to produce a shrink cavity than is 
solidification shrinkage. Most irons exhibit little total 
true shrinkage, and that occurs least harmfully during 
the first stages of solidification (before the casting is 
twenty per cent solid). 

Graphite precipitation, late in the solidification proc- 
ess, may have either or both of two effects: 1) Iso- 
tropic expansion may help feed the casting, a benefit 
widely recognized, but frequently fickle; and 2) local 
expansion may cause the exterior layers of a casting 
to expand and buckle outward. This creates a late, 
large, and sudden demand for feed metal. 

Circumstances affecting this complicated behavior 
are not perfectly understood. The general behavior 
pattern is quite clear. The plasticity or rigidity of the 
molding material is of paramount importance. For 
example, Fig. 2A is a schematic cross-section of a 
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simple, unrisered cylinder of gray iron cast into an 
oven-dried, bentonite-bonded synthetic sand mold. 
The exposed top surface has been insulated with rice 
hulls, and the fesulting casting is quite sound. 

The shrinkage, generally less than one per cent, 
was reported as a slight dishing of the insulated sur- 
face. Any tendency toward piping or internal shrink- 
age is absent, because all of the gross volume change 
has occurred during the early stages of solidification 
while the casting was more than 80 per cent liquid. 
Any tendency for outward buckling of the casting 
surface has been successfully resisted by the rigid 
mold. The same casting, produced in green synthetic 
sand, is shown in Fig. 2B. Here the casting surface 
has bulged slightly and gross internal shrinkage is the 
result. 

The soundness and external dimensions of an iron 
casting produced in green sand may be influenced 
by the action of atmospheric pressure, and the direc- 
tionality of solidification. The casting shown in Fig. 
2B, produced in green sand with no top insulation 
may be perfectly sound, as shown in Fig. 2C. 

The top of the casting solidified because of radia- 
tion heat loss to the surroundings. When the wall 
of the casting buckled, it kept the contained volume 
constant. In a casting which has been sealed in this 
way, atmospheric pressure resists any net expansion 
due to wall movement. The actual measured contours 
of such castings have been exaggerated for clarity. 

The situation in Fig. 2C may actually be affected 
deleteriously by use of a large riser, with a result 
as shown in Fig. 2D. Here the riser has had the effect 
of eliminating any pressure difference tending to con- 
fine wall movement by keeping the system open, as 
did the insulation in Fig. 2B. Part of the demand im- 
posed by wall buckling was so late the riser con- 
tained insufficient liquid feed metal. 

In addition, the riser itself undergoes, dilation, add- 
ing to the demand almost as much as to the supply of 
feed metal. By contrast, a small riser can easily feed 
the early, slight demand of the dry-sand casting as 
shown in Fig. 2E. 

Some of the phenomena, exaggerated in the various 
parts of Fig. 2, can be observed on actual castings 
shown in Fig. 3. Profile measurements, supporting the 


Rice Hulls Radiation to Air 
t f { uninsuictes 



























Fig. 2 — Schematic cross-sections of gray iron cylinder solidi- 
fied under various molding and risering conditions. 
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configurational behavior set forth in Fig. 2, are shown 
in Fig. 4 and 5. 

Most of the work on shrinkage has been done on 
cylinders and spheres. In these shapes buckling is 
outward and, therefore, harmful. The surface layers of 
a large flat plate can, on the other hand, buckle 
inward almost as easily as outward. Here, shrinkage 
is less of a problem. Extensive plate-like sections in 
gray iron are frequently sound. That is, except in 
regions of gates, risers or other discontinuities which 
either interfere with wall movement, negate the ben- 
eficial effect of atmospheric pressure, or delay solidi- 
fication locally. 

There is some evidence that large ferrostatic pres- 
sures achieved through tall gates, risers, or pop-ofts, 
can encourage dilation to occur earlier in the solidifi- 
cation process while feed metal is still available. In 
other cases pressure appears to encourage outward 
rather than inward buckling and does more harm than 
good. The forces involved in dilation are large enough 
that ferrostatic pressure is not of great importance. 

Following is an example to help gain an appreciation 
of the volumetric importance of dilation. A typical 
iron containing 3.4 per cent carbon and 2.1 per cent 
silicon is cast into a cylindrical mold cavity, nominally 
3.75 in. diameter and 8 in. tail. The observation of 
dozens of such castings*® has indicated a typical 
average (top, middle and bottom) difference in diam- 
eter of 0.05 in. between green- and dry-sand castings. 
Green sand castings being the larger (Fig. 4, 5), 
local differences may be much larger in some cases. 
This represents 1-1/3-per cent net dilation in terms of 
diameter, and 2-2/3-per cent in terms of volume (the 








(a) Green sand, no riser, covered with rice hulls. 
(b) Green sand, no riser. 
(c) Green sand, insulated riser. 


(e) 
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casting does not dilate longitudinally) The iron itself 
only shrinks 1/3-per cent, but the total feed metal 
requirement is 3 per cent. 

The 2-2/3 per cent excess feed metal requirement 
due to dilation is shown schematically in Fig. 6. 
Here, dilation is shown to scale. The resulting feed 
metal requirement is represented by a 1.65 in. diame- 
ter spherical hole shown in the center of the section. 
It almost seems impussible such a slight surface dila- 
tion could actually represent 2.35 cu in. of feed de- 
mand, or shrinkage as the case may be. 

It is neither easy nor necessary to exaggerate the ef- 
fect of dilation. Figure 6 summarizes the typical case 
and is by no means extreme. Quantitative shrinkage 
measurements on this casting have regularly indicated 
observed apparent total shrinkage of less than 1 per 
cent in dry sand and more than 3 per cent in green 
sand. 

The dilation of iron castings is related to a metal- 
lurgical push, and cannot be explained in terms of 
heat and ferrostatic pressure alone. In work with tin 
bronze it was found that the surface temperature of 
a tin bronze casting is as high as that of a geometri- 
cally identical gray iron casting throughout most of the 
solidification process. The density of tin bronze is high- 
er, and the time required for the surface layer to 
solidify is as long. Yet the difference in shrinkage be- 
tween green- and dry-sand bronze cylinders is only 
about 1/2 per cent.* In other words, in spite of great- 
er density, and equal temperature, the mold wall does 
not move with bronze but does with iron. 

It should be repeated and emphasized that the 
serious feature of dilation is the timing even more 
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Fig. 3 — Cross-sections of gray iron cylinders solidified under various molding and risering conditions. 


(d) Dry sand, conventional riser. 
(e) Green sand, conventional riser. 
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than the amount. Depending upon geometric and ther- 
mal environmental factors, that portion of dilation 
which creates a feed metal demand will generally 
occur after the true shrinkage has been successfully 
accommodated. Not only will the demand be much 
larger but may be quite rapid, even abrupt, at a 
time when limited remaining liquid metal may have 
a rather tortuous interdendritic flow path to the criti- 
cal region. 


VOLUME CHANGES IN GRAY IRON DURING 
SOLIDIFICATION 

During this research, many measurements have been 
made at M.I.T. of the true shrinkage which accom- 
panies the cooling and freezing of graphitic cast irons. 
The results are contained in the published reports.*:>-* 
Complete study of this experimental information cou- 
pled with data selected from the literature has per- 
mitted a fundamental correlation which is theoretically 
sound and in agreement with the experimental meas- 
urements. F 

It has been observed that considerable disparity ex- 
ists among published basic data on iron-carbon-silicon 
alloys. In the following analysis, where it has been 
necessary and convenient to make a choice from dif- 
fering available values, the decision has been predi- 
cated on agreement with experiment. This procedure 
has led to development of a list of what appear to 
be most correct critical physical constants relating to 
the solidification of gray cast iron. The list is pre- 
sented in Table 1. 


The Iron-Carbon-Silicon System 


The representative sections of the iron-carbon-sili- 
con ternary equilibrium diagram as presented by 
Piwowarski® correspond more closely with interpreted 
shinkage observations than those of any other source. 
The information required of these ternary sections 
can be expressed quite adequately for hypoeutectic 
irons by the following equations. 

Y = 4.3 — 0.33 (% Si) — iments @) 
X 


77 0.5 (Piwowarski®) (2) 
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TABLE 1 — VALUES OF CONSTANTS USED IN 
SOLIDIFICATION CALCULATIONS 





1. Slope of liquidus in F-C-Si alloys over the 
range 3.0 to 4.3 per cent Carbon Equiva- 
lent (0 to 4.0 per cent silicon). From Pi- 
wowarski8 


to 


. Heat of fusion of iron (austenite) at 2100F. 
From Darkin and Gurry!® 


3. Specific heat of liquid iron and liquid iron 
—austenite mixture between 2100F and 
2500F. From Kelly! 


4. Average density of solid cast iron at 
2100F. From M.I.T. Shrinkage Measure- 
ments!~6 


5. Ratio of density of austenite to graphite 
at 2100F. From M.I.T. Shrinkage Mea- 
surements!-6 


6. Ratio of density of liquid iron to austenite 
(at the same temperature). From M.I.T. 
Shrinkage Measurements! 


7. Coefficient of thermal expansion of liquid 
iron and liquid iron—austenite mixture be- 
tween 2100F and 2500F. From M.LT. 
Shrinkage Measurements!-6 


260 F/%C 


106 BTU/Ib 


0.20 BTU/Ib F 


440 Ib/ft.-8 


3.26 


0.961 


16.5 x 10°6 F) 





CASTING VOLUME = 88.3 cu.in. 


7 


Vue 


Fig. 6 — Schematic 
representation of a 8" 
void generated by 
mold wall dilation. 
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where: 
Y = %C in the liquid phase during solidification 
T = temperature, F 
T,. = eutectic temperature, F 
X= %C in the solid phase (austenite) during 
solidification. 
At the eutectic temperature, just before the eutectic 
reaction starts, the carbon content of the liquid phase, 
Y., is given by: 
Y. = 4.3 — 0.33 (%Si) (3) 
Graphite is formed during the eutectic reaction and 
constitutes a small weight fraction, F,, of the eutectic 
material: 
1 
Fe = 9907y. <1 (4) 
During formation of primary austenite, the fraction, 
f, of the metal which is solid is given by: 
F=2(1- > ) (5) 
At the eutectic temperature, just before the eutectic 
reaction starts, the fraction, f., of the metal which is 
solid is: 
%C 
Ye 





f,=2(1- ) (6) 


Volume Changes During Solidification 


Practically all of the volume change which occurs 
during solidification of gray iron precedes the eutectic 
reaction. At any moment during primary austenite 
formation, the fractional shrinkage, 8’, which has taken 
place is given by: 

B’ = £8 + a (T, — T) — f8a (T, — T) (7) 
Since the third term in Equation (7) is negligibly 





small: 
p’ = £8 + a (T, — T) (7A) 
where: 
T, = pouring temperature 
T =temperature at which f fraction of the 
casting is solid austenite 
original liquid—volume of partly solid cast- 
. ting 
"= original liquid volume 
= observed average coefficient of volumetric 
thermal contraction for liquid iron and for 
austenite-liquid mixtures 
8 =unit fractional shrinkage characteristic of 
the solidification of austenite. 
cuneate 
(i.e. B=1 py ) 
where: 


pa = density of liquid 
py = density of austenite. 

At the eutectic temperature, just before the eutectic 
reaction starts, the shrinkage which has occurred, {,, 
is referred to as “primary shrinkage” and is given by: 

By = £.8 + a (T,—T) (8) 

During the eutectic reaction an additional volume 
change takes place. The total fractional shrinkage, f., 
which results from the complete eutectic reaction can 
be estimated from: 


e-= 8-Fe(l-8) =i) (9) 
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Again, second order terms have been neglected. 
where: 

volume decrease accompanying the eutec- 

_ tic reaction 
original liquid volume of the casting 
Pc = density of graphite. 

B. is usually quite small and negative which means 
a slight expansion usually occurs during the eutectic 
reaction. 

From the moment of pouring to the instant solidi- 
fication becomes complete at the eutectic temperature, 
the total fractional shrinkage, 87, which has occurred 
is given by: 





Br = Bp + Be (10) 
where: 
original liquid volume—hot solid volume 
original liquid volume 
The three values, 8), Br and f£, are nearly linear 
functions of pouring temperature, C and %Si, over 
the range of interest, so that Equations (8), (9) and 
(10) can be closely approximated by: 





'= 





1008, = ee + 8.27 — 1.95 (%C) — 0.53 (%Si) 
> > (11) 
1008. = 0.35 — 0.26 (%C) + 0.17 (%Si) (12) 
10087 = = ae Sa + 8.62 — 2.21 (%C) — 0.36 (%Si) 
> > (13) 


where: 1008,, 1008., and 1008r are percent shrinkages. 


The Heat Evolved During Solidification 
During primary separation of austenite from the 


liquid, the total heat, Q, which has been evolved by 
the time f fraction of the casting is solid is calculat- 
ed from: 
2 =C,(%)—T) + fH (14) 
where: 

M = weight of casting 

C, = specific heat of liquid iron and of austen- 

ite-liquid mixtures. 

The total heat, Qr, which must be evolved from the 
moment of pouring for the casting to become com- 
pletely solid at the eutectic temperature is: 


oe C,(T, — T.) +H (15) 
The Rate of Solidification 


The time, 0, required for a certain amount of heat 
to leave a sand casting and enter the mold depends 
on the volume, V, and heat-abstracting surface area, 
A, of the casting as well as the original temperature, 
T,, and thermal properties of the sand, and the average 
effective surface temperature, Ts, of the casting during 
the time interval in question. To a lesser extent the 
time required is also dependent on the shape of the 
casting. For a simple slab of indefinite extent: 


( zx ( : 

— A] \M 

6 = 168.5 ~_-.—* 16 
Vv (Ts pia T.) ( ) 
In Equation (16) the constant, 168.5, is dimensional 
and requires that dimensions be expressed in in., heat 
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Fig. 7 — Calculated per cent solid vs 
mean temperature during cooling of a 
typical hypoeutectic gray iron. 
in BTU, weight in lb, temperature in degrees F, and 
time in min. In particular, the constant, 168.5, is 
valid for oil-bonded core sand of no. 80 AFS fineness 
number. The thermal properties of molding sands 
vary little enough that Equation (16) applies gener- 
ally to gray iron sand castings. Equation (16) applies 
with fair accuracy to that important category of gray- 
iron castings which can be construed as plates bent 
into various shapes. An example is a hollow cylinder 
whose wall thickness is small compared to its diameter. 
However, heat flow from shapes like bars, spheres, 
cubes or other three dimensional chunks is somewhat 
divergent and, therefore, more rapid than from plates. 
Analyses and measurements on simple shapes (cylin- 
ders and spheres) show that heat flow from gray iron 
into sand conforms closely to the equation: 








V Q 
asi A M 
/0 = 168.5 (17) 
' Ts — To / O/M 
1+VY1+ 1468 


Equations (16) and (17) are founded on heat con- 
duction relationships set forth in another paper.® The 
constants are based on thermal analyses (experiment- 
al) of gray iron castings. The value of Ts changes 
somewhat during the course of solidification, starting 
as high as 2400 F and finishing somewhat below 2100 
F. For precise determination of a cooling curve this 
variation may be taken into account. To calculate the 
time required for complete solidification TS may be 
taken as equal to 2100F. 


Shrinkage Behavior of a Typical Gray Iron 


Some of the quantitative relationships set forth in 
preceding paragraphs are illustrated graphically in Fig. 
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Fig. 10 — Calcu- 
lated per cent 
shrink vs heat 
‘jute evolved for a typi- 
1.87 % SI cal hy poeutectic 
gray iron. 
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Fig. 8 — Calculated per cent shrink vs 
mean temperature during cooling of a 
typical hypoeutectic gray iron. 
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Fig. 9 — Heat evolved in cooling a typi- 
cal hypoeutectic gray iron from 2500F. 


8-13 for an iron casting containing 3.35 per cent C 
and 1.87 per cent Si, having the dimensions shown in 
Fig. 7, and poured at 2500 F. Detailed consideration 
of this single casting provides a framework for unam- 
biguous description of the solidification and shrinkage 
pattern of any hypoeutectic cast iron. In addition, 
experimental data on this alloy permit a point-by- 
point comparison of observed and theoretical shrink- 
age histories. 

Figure 7 shows the per cent of the casting which 
is solid as a function of the mean or average tempera- 
ture of the casting. Figure 7 has been plotted from 
Equations (1) and (5), and indicates the metal starts 
to freeze at 2186 F, and is 18 per cent solid when 
the eutectic temperature is reached. The rest of the 
alloy freezes isothermally. (Although in principle the 
austenite-graphite-liquid equilibrium can exist over a 
range of temperature, a distinct eutectic temperature 
is assumed in this discussion. Piwowarski® indicates 
the eutectic band is in fact quite narrow). 

In Fig. 8 cumulative per cent shrink computed from 
Fig. 3 and Equations (8), (4), (6), (7) and (9) is 
plotted vs mean temperature. From 2500 F (the 
pouring temperature) to 2186 F, liquid contraction 
occurs. Between 2186 F and the eutectic temperature 
liquid contraction and solidification shrinkage take 
place simultaneously. The total primary shrinkage is 
1.36 per cent. At the eutectic temperature a slight 
(0.14 per cent) expansion accompanies solidification 
of over 80 per cent of the casting. The net shrinkage 
is 1.22 per cent. 

Since one of the objectives is to evolve a theoretical 
shrinkage vs time curve, some knowledge of heat evo- 
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Fig. 11 — Per cent shrink vs time during cooling of a typical | 
hypoeutectic gray iron. : | 
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lution in terms of temperature and shrinkage is re- 
quired. These variables can, in turn, be related to 
time using heat flow relationships. In Fig. 9, the cumu- 
lative heat evolved per lb of metal is plotted against 
mean temperature, using previous figures and Equa- 
tions (14) and (15). 

It may be seen that heat evolution starts at the 
pouring temperature, and increases with the beginning 
of solidification at 1826 F. A large amount of heat is 
evolved at the eutectic temperature. Slightly more 
than half the heat removed during solidification is heat 
of fusion. The rest is specific heat of cooling from 
2500 F to the eutectic temperature. 

Figures 8 and 9 have been used to prepare Fig. 
10. In Fig. 10 the per cent shrink as a function of 
heat evolved is shown. The first discontinuity in the 
graph of Fig. 10 reflects a change when the liquidus 
temperature is reached, the second when the eutectic 
temperature is reached. 

Using Fig. 10 and Equation (17) the desired plot 
of shrinkage vs time can be obtained. This is shown 
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in Fig. 11 where close agreement with a measured 
shrinkage-time curve is evident. The sharp discontinu- 
ities in the computed curve are not physically realistic 
since cooling and freezing of the metal is not per- 
fectly uniform. Events near the surface of the casting 
somewhat precede those in the center. The important 
observation, whether theoretical or experimental, is 
that the slight shrinkage of most gray irons occurs in 
less than half the time required for complete solidifi- 
cation, and should not present much of a risering 
problem. 

There is some interest in comparing calculated mean 
temperature with measured center temperature of the 
casting (Fig. 12). The center temperature may be 
expected to lag behind the mean temperature. The 
brief arrest at the liquidus temperature in the center 
of the casting manifests this lag. Shrinkage measure- 
ment is more of a bulk observation, characteristic of 
the entire casting. In a sense it integrates the cooling 
curves of all parts of the casting. 

The general agreement of predicted with measured 
total shrinkage is a matter of record.*** The preceding 
is a summarized, partly revised, and simplified expres- 
sion of the dependency of true shrinkage on composi- 
tion and pouring temperature. The dynamics of the 
volume changes in gray iron are generally exhibited 
by Fig. 7-12, even though the charts pertain quantita- 
tively to a particular iron. 


Behavior of Risers on Gray Iron Castings 


The characteristic dimensional and volume changes 
which occur during solidification of gray iron castings 
are exemplified in Fig. 13-17. In these figures, cross- 
sections are shown of risered and unrisered castings 





Fig. 13 — Sections of 5 in. gray iron cubes poured at 2450F. Cubes in top row were cast in green-sand molds; those 
in bottom row were cast in dry-sand molds. Riser diameters (left to right) are: 1 in., 2 in., 2-1/2 in., 3 in., and 3-1/2 in. 
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made in green and dry sand. All castings were of 
metal containing approximately 3.35 per cent carbon 
and 2.0 per cent silicon. Melting of the metal was 
by induction. 

Examination of Fig. 13-17 reveals qualitatively the 
presence and distribution of shrinkage, gross changes 
in exterior contour (exudation and mold dilation), 
and the relative volume of feed metal required by 
the casting during solidification. The general pattern 
of behavior of gray iron during solidification previously 
discussed is illustrated and documented by these cast- 
ings. 

Figure 13 presents a series of cross-sections of 5 in. 
gray iron cubes, top risered with risers of diameters 
varying from 1 in. to 3-1/2-in. and poured at 2450 F 
into both green- and dry-sand molds. The castings 
poured in green-sand molds dilated severely. The 
amount of dilation tended to increase as the riser 
diameter increased (Fig. 13, top row). 

These green sand castings required a relatively large 
amount of feed metal. The contour of the risers indi- 
cate that this demand was quite sudden and associated 
with mold dilation. The castings shown in the bottom 
row of Fig. 13 were poured in dry sand. The walls 
of these castings are relatively straight, indicating 
little or no mold dilation. Almost no pipe is apparent 
in any of the risers of the dry-sand-molded castings. 

Figure 14 illustrates a series of castings similar to 
those of Fig. 13, except that the pouring temperature 
of these castings was 2650 F as compared to 2450 F 
for the previous series. The increase in pouring tem- 
perature did not significantly affect shrinkage in 
either the green- or dry-sand castings. 

In Fig. 15, a series of sections are shown cut from 
10 x 8 x 1.7 in. plates. The plates were cast in green 
and dry sand molds, unrisered and with 2, 3, and 4 
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in. diameter risers. The unrisered plate cast in green 
sand was essentially free of shrinkage or mold dilation. 
Addition of the 2 in. diameter riser resulted in suffi- 
cient mold dilation that the riser was depleted to 
the level of the casting. As a result, surface dishing 
occurred. 

As the riser diameters of the green-sand-molded 
castings were increased, mold dilation became more 
severe, but the risers were adequate to feed the 
castings. These effects are illustrated in the left column 
of Fig. 15. Comparative castings poured in dry sand 
show relatively little pipe and essentially no mold 
dilation ( Fig. 15, right-hand column). 

In summary, Fig. 13, 14, and 15 illustrate that green- 
and dry-sand castings of any shape differ principally in 
that risered green-sand castings dilate observably, de- 
mand more feed metal, and require larger risers to 
guarantee soundness than do similar dry-sand castings. 
A riser for a dry-sand casting will generally feed the 
casting even though the riser may be so small that it 
solidifies long before the casting. This is because vir- 
tually all the true solidification shrinkage (of most 
gray irons) has occurred by the time the casting is 
20 per cent solid. In green sand, the main feeding 
requirement is brought about by mold dilation and 
occurs long after true solidification shrinkage has 
ceased. Consequently, an adequate riser for a green- 
sand casting must remain liquid almost as long as 
the casting. It is the timing, not the amount of shrink- 
age, which occasions the need for large risers on 
green-sand castings. 

Atmospheric pressure may have either a detrimen- 
tal or a beneficial effect on the soundness of gray-iron 
castings. An undersize riser on a cube or other chunky 
shape, cast either in green or dry sand, may only 
serve to generate a hot spot. The hot spot then may 





Fig. 14 — Sections of 5 in. gray iron cubes poured at 2650F. Cubes in top row were cast in green-sand molds; those 
in bottom row were cast in dry-sand molds. Riser diameters (left to right) are: 1 in., 2 in., 2-1/2 in., 3 in., and 3-1/2 in. 








378 


yield under the action of internal shrinkage (and 
mold dilation) and external atmospheric pressure, 
causing a local dishing on the casting surface. 

This effect is clearly indicated in various castings of 
Fig. 13 and 14. In the absence of risers, atmospheric 
pressure may promote soundness by encouraging uni- 
form distribution of contractual wall movement. That 
is, by distributing any dishing so broadly ‘hat it re- 
sults only in a casting of slightly reduced over-all di- 
mensions. 

Atmospheric pressure may even promote soundness 
in unrisered green-sand castings, especially those of 
platelike configuration. This is done by distributing any 
contractual wall movement, and by minimizing mold 
dilation. When a small riser is added to such a cast- 
ing, atmospheric pressure acts through this riser and 
equalizes the internal and external pressures. Mold 
dilation can then more readily occur with consequent 
gross shrinkage. In practice, a green-sand casting 
should either have no riser at all, or a riser adequate 
to feed a dilating casting. These effects are particularly 
evident in the green-sand casting cross-sections of Fig. 
15, as well as in those of Fig. 3. 

To circumvent the ill effects associated with a hot 
spot, it may sometimes be desirable to isolate the 
riser thermally from the casting. The feasibility of 
this procedure is represented in Fig. 16. A gray-iron 
riser can function through a remarkably small area of 
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contact with the casting, partly because true shrink- 
age occurs early in the solidification process. 

In addition, small contact permits establishment of 
a temperature difference between the riser and the 
casting. This is an effect of great importance in an alloy 
having a wide freezing range. In a metal like steel, 
for example, it is possible for the riser to be 90 per 
cent liquid at a time when the casting is only 40 per 
cent liquid without any appreciable temperature dif- 
ference between the riser and the casting. 

In gray iron this situation cannot occur. To be sub- 
stantially more liquid, the riser must be at a higher 
temperature than the casting. Such a temperature dif- 
ference cannot be maintained unless thermal contact 
between the riser and the casting is minimized. 

To carry this line of thermal reasoning one step 
further, the maintenance of a favorable temperature 
difference between a small riser and a large casting 
can only be achieved by 1) minimizing riser-casting 
contact, and 2) insulating and/or adding heat to the 
riser. The judicious use of heated risers can accom- 
plish feeding of heavy castings even in green sand 
without the problems (economic and physical) at- 
tendant to use of excessively large risers. 

A casting fed by an exothermic riser is illustrated 
in Fig. 17. The principle of heated risers was employed 
in effect for all quantitative shrinkage measurements 
performed during this investigation. 





Fig. 15 — Sections of gray iron plates (10 in. x 8 in. x 1.7 in.) poured at 2650F. Plates in left 
column were cast in green-sand molds; those in right column were cast in dry-sand molds. - ¢™*? .%+,vy 
Riser diameters (top to bottom) are: 0 in., 2 in., 3 in., and 4 in. as 
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Fig. 16 — Photographs of sec 
right—10 in. x 8 in. x 1-2/3-in. plate. 

In conclusion, it should be noted that the problem 
of risering gray-iron castings is unique in that 1) ap- 
parent shrinkage is as much a mechanical as a thermal 
problem, and 2) the natural reduction in volume of 
gray iron during solidification, may be essentially com- 
plete when the metal is only 20 per cent solid. Subse- 
quent solidification may actually result in a volume 
increase. 

These characteristics are shared by no other cast 
metal. The importance of these characteristics in de- 
termining the risering requirements of gray cast iron 
is: procedures developed for dimensioning and lo- 
cating risers of other metals must be modified to apply 
to gray iron risering. However, the basic mechanisms 
underlying the solidification of gray iron are now well 
enough understood that risering can be approached 
systematically, as it has been with other metals. Re- 
liable and general procedures will certainly evolve, 
but these procedures must be based directly on the 
unique characteristics of gray cast iron solidification. 
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THE EFFECT OF COOLING RATE ON 
THE GRAIN SIZE OF MAGNESIUM CASTING ALLOYS 


By 


R. D. Green* 


ABSTRACT 


A study of the effect of cooling rate on the grain size 
of several ma aay ge phone joys and a mag- 
nesium-rare earth-zine alloy is presented. It is shown 
that the grain size of “s * -Al-Zn alloys = established at 
50F (28 C) below the iquidus. For the case of the 
Mg-RE-Zn alloy the grain size is established at 30F 
(170) below the liquidus. Correlation of grain size and 
cooling rate through the above ranges shows that in Mg- 
Al-Zn alloys the grain size decreases as the cooling rate 
increases to 200F/min, and then remains constant with 
further increases in cooling rate to 600F/min. 

There is little effect of cooling rate on the grain size 
of the Mg-RE-Zn alloy. The effect of cooling rate on 
grain size is explained on the basis of constitutional 
supercooling and nuclei effectiveness. 


INTRODUCTION 


One of the methods of achieving a fine grain size 
and its resultant benefits in magnesium alloy castings 
is rapid freezing. This is readily achieved in die cast- 
ings. In fairly heavy sections of permanent mold sand 
castings and in thin sections of sand castings, it is not 
so. The most readily adaptable method of increasing 
the cooling rate of sand castings is the insertion of 
chills into the mold. To make intelligent use of chills 
resulting cooling rates in fine grain size and temper- 
ature range through which the rates must be deter- 
mined must be known. 

In view of the long time for which the effect of 
cooling rate on grain size has been known, the results 
of an extensive literature search were rather disap- 
pointing. Despite the fact that it has been known 
for many years that rapid cooling usually results in 
fine grain size, little quantitative work has been 
done on the subject. This may be a case where 
accurate measurements were impossible to make when 
an effect was first noticed. Over the years the prin- 
ciple became so well known that when instruments 
were developed which would make accurate measure- 
ments possible, no one bothered to make any quanti- 
tative studies. 

Perhaps the closest approach to the present work is 
that of Popov’ who made an extensive study of the 
effect of casting temperature, cooling velocity, and 





*Metallurgical Laboratory, Magnesium Department, The Dow 
Chemical Co., Midland, Mich. 
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layer thickness on the type of crystallization in several 
aluminum alloys. Hensel]** mentions the effect of 
solidification time on the grain size of nickel silver 
and a 5 per cent tin bronze. Silvagni and Mondolfo* 
point out the difference in grain size of chill cast 
(solid in 5-10 sec) and sand cast (solid in 4-5 min) 
ternary aluminum base alloys. 

Some work of a similar nature was that of Winkler® 
who studied the relationship between cooling velocity 
and crystal size of basaltic magma in dikes. The 


TABLE 1 — NOMINAL COMPOSITION OF ALLOYS 








Alloy % Al % Zn % TRE® % Mn % Zr 
AZ63A_ 5.3-6.7 Sere GieMin. ...... 
AZ92A 8.3-9.7 RR a te “eee 
AZ81A_ 7.0-8.1 re Stee. ....... 
EZ33A 2.0-3.5 ae 0.5 Min. 


* Total rare earth — added as mischmetal. 





TABLE 2 — ANALYSES OF ALLOY COMPOSITION 








Alloy % Al % Zn % TRE® % Mn % Zr 
AZ63A 6.2 3.01 ee 0.25 

AZ92A 9.1 2.08 se 0.19 

AZ81A 8.0 0.73 ees 0.22 sel 
EZ33A 3.10 2.92 a 0.64 


* Total rare 2 costh — added as mischmetal. 
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similarity of phenomena occurring when magmas and 
when metals solidify had earlier been pointed out by 
Smith.* The effect of cooling rates through tempera- 
tures above the liquidus has also been investigated.’ 
Although it can be shown that slow cooling rates in 
this range result in coarse grain size in superheated 
magnesium-aluminum-zine alloys, the same effect is 
achieved by holding the melt at low temperatures. 
Slow cooling rates in the liquid range are equivalent 
to holding at low temperatures, and should not be 
misconstrued as being a true effect of the cooling 
rate on the grain size of these alloys. 


PROCEDURE AND APPARATUS 


The alloys studied in this work were AZ63A, AZ92A, 
AZ81A and EZ33A. The nominal composition of the 
alloys is listed in Table 1. The spectroscopic analysis 
of the composition of the alloys used is shown in 
Table 2 

The melts of the various alloys were prepared in 
clean steel crucibles using standard magnesium melt- 
ing and alloying techniques. The magnesium-alumi- 
num-zine alloys were chlorinated at 1850F (732 C) 





Fig. 3 — Solidification progress r. AZ92A. 100%. Upper left — euanan at Seodiien. Upper 
liquidus. Lower left — quenched at 20F below liquidus. Lower right — quenched at 30F below liquidus. (Continued on next page.) 
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and superheated at 1650F (899 C). These alloys 
were then allowed to cool to 1480F (804 C) for ob- 
taining freezing range samples, or to 1450F (788 C) 
for pouring the castings from which cooling-rate speci- 
mens were obtained. The magnesium-rare earth-zinc 
alloy was flux refined at 1400F (760 C) after alloying. 

Before cooling rates could be accurately determined, 
it was necessary to establish the temperature range 
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Fig. 2 — 33 & 3 X 16 in. bar casting used for cooling ra 
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through which cooling rates were effective. The ap- 
paratus used for obtaining freezing range samples is 
illustrated in Fig. 1. The crucible was immersed in 
the molten metal until it reached metal temperature 
and was then submerged to be filled with metal. The 
sample was then held in still air for cooling. 

A glass insulated iron-constantan thermocouple was 
connected to a high speed recorder which was cali- 
brated with a potentiometer before and after each 
run. The temperature drop was followed on the 
recorder. When the desired temperature below the 
liquidus was reached the sample was plunged into 
a bucket of cold water. The samples obtained in this 
manner were sectioned for metallographic examina- 
tion. 

The samples for correlation of cooling rate and 
grain size were taken from 3-in. x 3-in. x 16-in. bars 
which were chilled with steel chills arranged as shown 
in Fig. 2. Glass insulated iron-constantan thermocoup- 
les were placed every 2 in. along the casting centerline. 
Temperatures were recorded with a 16 point recording 
potentiometer which printed once each sec. 


Fig. 3 (Continued) — Solidification progress of AZ92A. 100%. Upper left — quenched at 40F below liquidus. U 
quenched at 50F below liquidus. Lower left — quenched at 75F below liquidus. Lower right — quenched at 100F below liquidus. 


Cooling Effect on Magnesium Alloys 


The thermocouples in the most heavily chilled lo- 
cations were so connected as to print in 3 positions. 
The castings were sectioned so that each metallo- 
graphic specimen contained a thermocouple bead. 

The grain size of the specimens was measured by 
the comparison method. The as-cast grain size was 
determined and then the magnesium-aluminum-zinc 
alloys were solution heat treated and slightly aged. 
This treatment made the grain boundaries more dis- 
cernible. Since there were few discrepancies in the 
grain sizes in the two conditions, the latter were 
considered more accurate and have been used as the 
correct results. 


RESULTS AND DISCUSSION 
Cooling Range 


The amount of metal solidified at any temperature 
between the liquidus and solidus temperatures is not 
a linear function of A T (liquidus temperature minus 
the temperature under consideration). It is neces- 
sary to determine at what temperature below the 
liquidus the grain size is established before one can 
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investigate the effect of cooling rate on grain size. 
Previous work in this field was done using solidification 
time as a measure of cooling rate.*** 

Figure 3 illustrates the solidification progress of 
AZ92A which is typical of the magnesium-aluminum- 
zine alloys, while Fig. 4 illustrates the same mechanism 
for EZ33A. An examination of the photomicrographs 
reveals that the grain size of the magnesium-alumi- 
num-zince alloys has been established when the metal 
has cooled to a temperature of 50F (28 C) below the 
liquidus. The equilibrium liquidus-solidus range for 
the various alloys is from 215-280F (120-156 C) and 
the nonequilibrium range is even greater. 

In addition, cooling curves for AZ63A showed a 
definite break and an increase in slope at 50F (28 C) 
below the liquidus at various cooling rates. This indi- 
cates that the rate of release of latent heat of fusion 
had decreased due to a decrease in the rate of solidi- 
fication. Analysis of the photomicrographs on a volu- 
metric basis reveals that at 50F (28 C) below the 
liquidus 80 to 90 per cent of the metal is solid. 


Fig. 4 -- Solidification progress of EZ33A. 100%. Upper left — quenched at liquidus. Upper 
liquidus. L.ower left — quenched at 20F below liquidus. Lower right — quenched at 30F below liq 
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Thus, when the cooling rate of magnesium-alumi- 
num-zine alloys is mentioned hereafter, it will refer 
to the cooling rate from the liquidus to the liquidus 
minus 50F (28 C). Similarly, in the case of EZ33A 
the grain size is established at only 30F (17 C) be- 
low the liquidus, and this is the temperature range 
through which the cooling rate will be determined. 


Correlation of Cooling Rate and Grain Size 

As expected, slow cooling rates resulted in larger 
grains than did fast cooling rates. The effect of cool- 
ing rate on the grain size of chlorinated and super- 
heated mag- esium-aluminum-zinc alloys is shown in 
Fig. 5, 6 aad 7. The three curves are similar in all 
respects. The average grain diameter decreases to 
0.004 in. as the cooling rate increases to 200F/min. 
(111 C/min.). 

Further increases in the cooling rate do not result 
in any reduction of grain size. It should not be as- 
sumed that a grain size of 0.004 in. is the smallest 
that can be achieved in magnesium-aluminum-zinc 
alloys. Average grain diameters of 0.001-0.002 in. are 


t — quenched at 10F below 
(Continued on next page.) 
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quite common. The minimum grain size in any given 
case will depend on composition and grain refine- 
ment technique. 

Figure 8 shows the effect of cooling rate on the 
grain size of EZ33A. It is quite apparent that there 
is little variation in average grain diameters over the 
entire range of cooling rates. This was not unexpect- 
ed since the zirconium addition to this alloy is an 
effective grain refiner. The grain size is established 
at only 30F (17 C) below the liquidus. 

The data show some indication that at low cooling 
rates the curves should be drawn as a band rather 
than as a single line. This is better illustrated if 
grain size is considered on a volume basis rather 
than as average grain diameters. For instance, when 
the average grain diameter is halved, the number 
of grains per unit volume is increased eight times. 

Thus, small differences in average grain diameters 
result in large differences in the number of grains 
per unit volume. If the data are plotted on semi-log 
paper as cooling rate vs number of grains per unit 
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Fig. 4 (Continued) — Solidification progress of EZ33A. 100. Upper left 


Cooling Effect on Magnesium Alloys 


volume, the spread in grain size at lower cooling 
rates becomes more apparent. 

The mechanism by which rapid cooling results in 
fine grain size is perhaps best explained by consid- 
ering the phenomenon of constitutional supercooling.* 
Solidification of an alloy results in a layer of solute 
rich liquid at the solid-liquid interface as shown in 
Fig. 9A. That this solute rich layer actually exists has 
been shown by Tiller and Rutter.® At slow cooling 
rates the interface temperature is not much below that 
of the bulk liquid. The thermal gradients through 
the enriched layer are rather low. 

As the cooling rate increases the interface temper- 
ature decreases, and steeper thermal gradients are 
formed which result in a greater degree of super- 
cooling of the enriched layer. Figure 9B shows the 
liquid temperatures (straight line) and the equili- 
brium liquidus temperatures (curved line) which re- 
sult from different cooling rates. The area between 
the lines represents the degree of undercooling in 
the liquid. 
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Fig. 5 — Effect of cooling rate on the grain size of AZ63A. 


It is well known that as the degree of undercooling 
increases there is an increase in the concentration of 
effective nuclei. A greater concentration of effective 
nuclei results in more grains, i.e., a finer grain size. 
As shown in Fig. 9B, rapid cooling results in a greater 
degree of undercooling. This in turn causes an in- 
crease in the number of effective nuclei and a finer 
grain size. 

The preceding explanation is applicable to the 
results obtained with the magnesium-aluminum-zinc 
alloys. Although the same mechanism is operative in 
the magnesium-rare earth-zinc alloy, the variation in 
grain size is not as great since the presence of 
zirconium apparently produces nuclei which require 
little undercooling to become effective. Thus, variation 
in cooling rate has little effect on the grain size of 
zirconium containing alloys. 

The minimum grain size achieved in the magnesium- 
aluminum-zinc alloy is worthy of consideration. The 
simplest explanation is that in heterogeneous nuclea- 
tion it is possible for the preferred nucleation sites 
to be exhausted.?® Thus, if there is a finite number of 
nucleation sites, it should be possible to obtain a de- 
gree of undercooling (function of cooling rate) which 
will cause them all to be effective. Once this condi- 
tion has been achieved, further increases in the de- 
gree of undercooling would not cause any increase 
in the number of grains formed. 

The alternative case is that there was an infinity 
of possible nucleation sites. Since a minimum grain 
size was reached, it is obvious that there was some 
limitation as to the number of nuclei which could be- 
come effective. It is safe to assume that in a given 
alloy system there is a maximum degree of super- 
cooling possible. Since the alloys under consideration 
had established a grain size at 50F (28 C) below 
the liquidus, it would seem the maximum degree of 
undercooling is a function of both cooling rate and 
temperature. A combination of the two is reached 
where further undercooling is not possible and the 
remaining nucleation sites cannot become effective. 


CONCLUSIONS 
On the basis of the preceding, several conclusions 
can be drawn about the effect of solidification condi- 
tions on the grain size of magnesium casting alloys. 
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Fig. 6 — Effect of cooling rate on the grain size of AZ92A. 


1. The grain size of magnesium alloys is established 
at temperatures not much below the liquidus tem- 
perature. When considering the effect of cooling rate 
on grain size, the cooling rate through this range 
should be used rather than the cooling rate through 
the entire solidification range. 

2. The grain size of magnesium alloys decreases as 
the cooling rate increases to certain values. Further 
increases in cooling rate result in no additional de- 
crease in grain size. 
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Fig. 7 — Effect of cooling rate on the grain size of AZS81A. 
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Fig. 8 — Effect of cooling rate on the grain size of EZ33A. 
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3. The nuclei in zirconium containing magnesium 
alloys become effective with less undercooling than 
do those in magnesium-aluminum-zinc alloys. 


5. 


10. 


Cooling Effect on Magnesium Alloys 
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ANNEALING OF MALLEABLE IRON: EFFECT OF REPEATED 
ANNEALING ON RATE OF SECOND STAGE GRAPHITIZATION 


By 


J. E. Rehder* and J. E. Wilson** 


INTRODUCTION 


As a result of studies made in the last 10 years or 
so of the annealing of black heart malleable iron, our 
understanding of the kinetics of the process is fairly 
good. This is especially true in the so-called first stage 
of the process. Here primary carbide is decomposed 
at relatively high temperature, usually in the range 
1650-1750 F (900-950 C). Schneidewind' has ably 
summarized the data on the quantitative effects on 
annealing rate of as-cast section thickness, tempera- 
ture of anneal, and many composition factors. 

Our data and understanding are less satisfactory 
for the second stage of the process where pearlitic 
carbide is decomposed or its creation avoided to 
achieve a final ferritic matrix. The metallurgy here is 
complicated by the fact that there are two quite dis- 
tinct ways of eliminating pearlite. One way is by 
avoiding its formation during cooling from first stage 
annealing temperature through the critical tempera- 
ture range. The other way is by allowing pearlite to 
form and then decomposing its carbide by holding at 
a temperature just below the bottom of the critical 
temperature range. 

Various combinations of the two methods are of 
course possible. The latter, where pearlite forms and 
is then decomposed, evidently is similar in nature and 
kinetics to that for first stage annealing. The relation- 
ship in first stage annealing between time necessary 
for decomposition and temperature of holding has 
been contributed to and summarized by Rehder’. 
Second stage annealing by this process is therefore 
for practical purposes predictable, though not as 
fully as for first stage annealing. 

However, most commercial annealing of black heart 
malleable iron includes a slow cool through the cri- 
tical temperature range. Here most or all of pearlite 
elimination is achieved, and sub-critical holding is 
seldom necessary. This has been not only an historical 
development, all mealleable annealing being finished 
in this way until some 30 years ago, but it is still the 
simplest and most practical second-stage process to 
apply especially in large furnaces. 


° Vice President, technology, Canada Iron Foundries, Ltd., 
Montreal. 
°° Research Technician, Canada Iron Foundries, Ltd., Toronto. 
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The metallurgy of the slow-cool process of elimin- 
ating pearlite has not been adequately explored and 
is not well understood. However, a start has been 
made by a description of the apparent equilibrium 
critical temperature range that exists in commercial 
irons, as affected by silicon content’. 

A relationship published by Rehder* showed that 
for a given iron, a slow or controlled cool through the 
critical temperature range gave a ferritic matrix in 
considerably less time than did rapid cooling and sub- 
sequent holding below the critical temperature range. 
It seems evident that the minimum total annealing 
time always can be achieved by the slow cool rather 
than by the holding process. Data by Gilbert® and 
unpublished work by the writer shows that the impact 
strength of the final iron is better from the slow cool 
than from the sub-critical hold process. 

The facts of less total furnace time, more practical 
control possibilities, and higher toughness of the prod- 
uct, make the slow-cool second-stage anneal the more 
valuable commercial process. Our knowledge of this 
second stage should be extended. 


OBJECT OF PRESENT WORK 

It is occasionally necessary to re-anneal malleable 
or other iron due to retention of either primary car- 
bide or of pearlite. Little is known of the effect on 
annealing or carbide stability of re-cycling through 
the temperature involved. It is well-known that the 
decomposition of carbide by heat is additive. If 10 
hr holding at 1750 F (954 C) is necessary to decom- 
pose all of the primary carbide in a given iron, two 
separate five hr periods at that temperature will ac- 
complish the same result. 

The same is true of pearlitic carbide. If either pri- 
mary cementite or pearlite remain in an improperly 
annealed iron, they can be eliminated by reheating 
to the appropriate temperature for a suitable time. 

However, if it is primary carbide that must be elim- 
inated, the heating to above the critical temperature 
range re-forms austenite and the second stage of an- 
neal must be repeated. If only elimination of small 
quantities of pearlite is required a re-heat and hold 
at just below the critical temperature range will be 
sufficient. This is true only if a furnace is available 
with the required good temperature control. 
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TABLE 1 — WHITE IRON COMPOSITION 
C, % Si, % Mn, % S, % P, % Cr, % 
2.52 1.50 0.41 0.155 0.044 0.040 
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Fig. 2 — A pearlitic rim formed at the as-cast surfaces during 
the first traverse. Etched. X6. 





Fig. 3 — The pearlitic rim formed during the first traverse at 
the as-cast surfaces deepened during succeeding traverses. 
Shown is the sixth traverse. Etched. X7. 
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Annealing Malleable Iron 


Usually retention of pearlite is handled by a nearly 
full re-anneal since it is more convenient and does 
not require extra equipment. In either case the effect 
of re-anneal on second-stage stability is important, 
and to the writer’s knowledge has not been published. 
It is the object of the present short study to determine 
this effect. 

The fact that the data to be developed are appli- 
cable quantitatively to nodular irons, gray irons and 
white irons, will bear repetition since in the writer's 
experience all data on the kinetics of graphitization 


so apply. 
METHOD 


In outline, the procedure was to re-anneal a com- 
mercial white iron several times and to then deter- 
mine the annealability or maximum annealing rate 
of the product. The white iron was in the form of 
bend test bars, 5/16-in. thick, 1-1/4-in. wide and 8 
in. long. The test bars were poured from regular pro- 
duction cupola-air furnace duplexed iron of a Cana- 
dian iron company. The bars were cast in pairs in 
green sand from a single ladle. Drillings gave the 
composition shown in Table 1. 

The time necessary for first stage graphitization 
was determined by quenching samples of the white 
iron from 1750 F (954 C) at intervals and examin- 
ing the structure for presence or absence of primary 
carbide. The time necessary for this material was 
found to be 2-1/2 hr + 1/4 hr. The maximum per- 
missible cooling rate for second-stage anneal was then 
found by taking small pieces of the white iron and 
individually heating them to 1750 F (954 C), holding 
2-3/4 hr, and cooling from 1450 F (788 C)—1300 F 
(704 C) at various rates. The resulting microstructure 
was examined for pearlite. The maximum cooling rate 
at which complete freedom from pearlite could be 
achieved was found to be 20 F + 2 F per hr. 

Six lengths of the white iron were then packed in 
cast iron chips in a shallow stainless steel tray. This 
was put into a muffle furnace at 1200 F (649 C) and 
heated at full power input to 1750 F and held at 
temperature for 2-3/4 hr. It was then cooled at maxi- 
mum furnace cooling rate with power off to 1450 F, 
equalized at 1450 F for 15 min, and then cooled from 
1450 F-1300 F at a controlled rate of 20 F per hr. A 
check of the resulting microstructure showed it to be 
completely ferritic. 

One of the bars was then cut into small samples, 
and these were individually reheated to 1750 F and 
soaked for 15 min to re-dissolve graphite to form a 
homogeneous austenite. It was then cooled at maxi- 
mum furnace rate to 1450 F, equalized for 15 min, 
and cooled from 1450 F-1300 F at. various rates to 
determine the maximum cooling rate at which the 
resulting structure was completely ferritic. This was 
found to be 37.5 F + 2.5 F per hr. 

The five bars remaining from the first-stage anneal 
and first slow cool were then treated in cast iron 
chips in the stainless steel tray by the re-heat process 
previously described and cooled from 1450 F-1300 F 
at 35 F per hr. This provided raw material for the 
third experimental traverse. This procedure was con- 
tinued until six complete traverses of the critical tem- 
perature range were investigated. 
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The effect of holding time at 1750 F was investi- 
gated, since conceivably further homogenization 
might result and material that had been through five 
traverses had been held 60 min longer at 1750 F 
than the first material. Extra holding at 1750 F was 
found to be without effect. The maximum cooling 
rate permissable after holding at 1750 F for 4-1/4 hr 
was 20 F per hr, as after minimum holding. 

With respect to re-solution of graphite prior to a 
re-traverse of the critical temperature range, it was 
known that one min at 1750 F after heating in the 
furnace used resulted in a visually homogeneous mi- 
crostructure and maximum quenched hardness, so 15 
min holding should have been ample. 

Hardness determinations were made on the samples 
resulting from each cycle, using the Rockwell “B” scale 
and averaging six readings for each determination. 

Photomicrographs were taken of structural details, 
the photomicrographs of Figs. 2 and 3 being taken in 
oblique light which shows pearlitic rim and temper 
carbon nodules as white and the ferrite dark. 


RESULTS 

The maximum cooling rates at which a completely 
ferritic matrix is obtained, for each of the traverses 
of the critical temperature range, is shown in Table 
2 and Fig. 1. Hardness values of each end product 
are also given as measured and as converted to Brin- 
ell for 500 kg. load. 

Although protection from oxidation was nearly 
perfect, a pearlitic rim formed at the as-cast surfaces 
during the first traverse and deepened during subse- 
quent anneals. This is shown in Figs. 2 and 3. 

A pearlitic rim such as seen in Figs. 2 and 3 did not 
form at cut or machined surfaces, as shown in Fig. 4. 

As-cast surfaces contained a layer free of temper 
carbon nodules and a thin outer layer which was ap- 
parently too low in carbon to form pearlite. This thin 
outer layer of ferrite disappeared during the 6th 
traverse, probably from carbon diffusing out from the 
pearlite layer farther in. This is shown in Figs. 5 and 6. 

The temper carbon nodules were considerably 
larger and fewer near as-cast edges, as seen on a 
comparison of Figs. 5 or 6 with Fig. 4. This is shown 
more clearly in Fig. 7. 


Annealing Rate 


It is evident from Table 2 and Fig. 1 that repeated 
traversing of the critical temperature range increases 
the second-stage annealability of malleable iron by 
a considerable amount. The largest percentage in- 
crease is on the second traverse or the first re-anneal. 
The reason for or the mechanism of the change is 
obscure, as is that of the graphitization reaction. 

The first thought that it might be connected with 
greater opportunity for diffusion and homogenization, 
is countered by the fact that longer holding at super- 
critical temperature, which should produce more ho- 
mogenization, had no effect on annealing rate. An 
appreciable decrease in hardness occurred along with 
the increase in annealability, but even if they were 
connected the basic mechanism is not known. 


Surface Effects 


Although protection of the sample from oxidation 
during annealing was good, as evidenced by the fact 
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that a metallographically polished surface put through 
an annealing cycle still showed grain boundaries and 
the texture of temper carbon in nodules, some pro- 
gressive surface effects took place. Apparently a pear- 
litic rim can form and deepen on an as-cast surface, 
but much less readily on a machined surface. This has 
been noted before by Cowan® and the present obser- 
vations do not increase our understanding. 


TABLE 2 — NUMBER OF TRAVERSES VS. MAXIMUM 
COOLING RATE 











No. of Max. Cooling Rate, F per hr Hardness of Iron 
Traverse for Ferritic Matrix Rb BHN 
1 20.0 71 112 

2 37.5 65 102 

3 52.5 60 95 

4 60.0 57 91 

5 65.0 55 89 

6 67.0 55 89 











Fig. 4 — The pearlitic rim shown in Figs. 2 and 3 did not form 
at cut or machined surfaces. Shown is the second traverse, 
machined edge. 2 per cent nital etch. X100. 


Fig. 5 — The as-cast surfaces contained a layer of temper 
carbon nodules and a thin outer layer too low in carbon to 
form pearlite. The as-cast edge, first traverse, is shown. 2 per 
cent nital etch. X100. 











Fig. 6 — The thin outer layer of ferrite disappeared during the 
sixth traverse. Shown is the as-cast edge, sixth traverse. 2 per 
cent nital etch. X100. 


It should be noted that the increasing depth of 
pearlite rim in the present work can be explained 
on the basis of some given theory of rim formation. 
It can also be explained on the basis of the as-cast 
surface of the iron being unchanged in annealability 
by repeated traverses and the rim deepening with in- 
creased cooling rate. 


Hardness 


The values obtained decrease logarithmically with 
re-annealing, but since the fifth and sixth results are 
the same some minimum value seems to be ap- 
proached. The final hardness is unusually low with 
no evidence of cause. 


Practical Considerations 

Practical use of the effect of re-annealing on sec- 
ond-stage graphitization rate can be made in three 
ways. If re-anneal has been necessary because of re- 
tention of primary carbide due to furnace trouble or 
insufficient time at temperature, the cooling rate 
through the critical temperature range can be in- 
creased for the re-anneal by about 85 per cent with 
a proportionate saving in time. This is possible of 
course only when good control over the furnace cycle 
is possible. Good control of the furnace cycle is the 
case on nearly all modern furnaces, especially where 
no packing is used. 

If re-anneal is necessary because of retention of 
pearlite after the regular anneal, then there is some 
assurance that a repeat at the same cooling rate will 
eliminate the pearlite since the iron has been rendered 
more annealable by its first anneal. This effect has 
been taken advantage of for many years in everyday 
malleable foundry operation, but there has been no 
evidence of the size of the advantage possible. It is 
apparent that an occasional contamination of chromi- 
um for example, can to an appreciable extent be taken 
care of by one or two re-anneals. A second re-anneal 
at the original rate represents a 160 per cent increase 
in annealing effectiveness. 








Annealing Malleable Iron 


Fig. 7 — The temper carbon nodules are considerably larger 
and fewer near as-cast edges. Shown is the complete width, 
first traverse. Unetched. X6. 


Where separation of first stage (decomposition of 
primary carbide) and second stage annealing is pos- 
sible, it might appear advantageous to let the furnace 
charge cool to below the critical temperature range 
and then re-heat for the slow cool to eliminate pearl- 
ite. A faster cooling rate might then possibly be used, 
but the power and time necessary to re-heat would 
probably be too high a price to pay. This is because 
the increase in rate would be minor due to the effect 
of the pearlite retained the first time. In special cases, 
such as in the annealing of Delavaud pipe which is 
relatively high in carbon and silicon and so in anneal- 
ability, an air cool to below the critical before re- 
heating may be of advantage. 


CONCLUSIONS 


The above data are considered to show that: 

l. The process of eliminating pearlite in iron of 
black heart malleable composition by slow cooling 
through the critical temperature range, is affected 
strongly by the thermal history of the material. 

2. The effect is towards greater annealability, and 
amounts to as much as 85 per cent on the first re- 
peat. 

3. The effect is apparently independent of soaking 
time at high temperature. 

4. The hardness of the material decreases as anneal- 
ing is repeated. 

5. The mechanism or cause of the effect is not known. 
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EFFECTS OF FOUNDRY VARIABLES UPON 
POROSITY OF 85-5-5-5 BRONZE 


By 


Richard A. Flinn* and Chester R. Mielke** 


ABSTRACT 


This report describes the effect of four important 
variables: pouring temperature, moisture content of 
green sand, chilling, and depth of machining, upon the 
pressure tightness of 85-5-5-5 castings. Following pro- 
cedure described in previous reports!:2 2-in. X 2-in. X 
12-in. long bars were cast under controlled conditions 
in molds of different sand compositions and with vary- 
ing chill design. Critical specimens were sampled at 
various depths beneath the surface for determination 


of leak rate. 

Pouring temperature variation from 1900F-2300F re- 
sulted in progressive change from low leakage to severe 
leakage for the entire length of the bar. 

As moisture content was changed over the range from 
dry sand to 5.5 per cent maximum, leakage increased 
only slightly. 

Chilling decreased leak rate and shifted location of 
the porous zone markedly. A variety of tapered chills 
was employed with success. 

Increased leak rate was encountered with greater 
depth beneath the surface in most cases. Maximum 
porosity was encountered at the center of the section. 


INTRODUCTION 


The long-range purpose of this investigation is to 
determine the important factors governing porosity in 
85-5-5-5 bronze. Basically it is recognized that, aside 
from mechanical gas entrapment, porosity can result 
from precipitation of dissolved gases or volume 
changes associated with solidification. However, the 
relative contributions of these effects are unknown. 
To complicate the problem, a given void can result 
from the combined effects of gas and solidification 
shrinkage. 

To provide information leading to the ultimate sep- 
aration and evaluation of these variables a standard 
test specimen was developed. The effects of changes 
in metal history and mold composition upon pressure 
tightness were observed. Information of immediate 
value to the foundryman and clues leading to the 
important variables could be obtained in this way. 

In previous reports * * melting, molding, and pres- 
sure testing were reviewed in detail. They will be out- 
lined here for the readers convenience. 





* Prof., Chemical and Metallurgical Engineering Dept., Uni- 
versity of Michigan, Ann Arbor. 
** University of Michigan. 
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MELTING AND POURING PRACTICE 


Melting is done in a gas-fired crucible furnace us- 
ing 100 per cent ingot under the prescribed oxidizing 
atmosphere. Just before tapping, 1 per cent zinc is 
added and then two ounces of phosphorus-copper 
per 100 lb of metal is plunged in the ladle. 

Standard specimens were checked for analysis and 
found to be within the 85-5-5-5 specification. The 
standard tapping temperature was 2230 F, pouring at 
2025 + 5 F, except when varied for the pouring tem- 
perature series. In the case of the pouring tempera- 
ture series, the melt was superheated to 2430 F and 
separate ladles were tapped, deoxidized, and poured 
at the indicated temperatures. Thus, all bars had the 
same melt history. Temperatures were measured and 
recorded with a chromel-alumel couple contained in 
a thin-walled protection tube. 

Pouring technique involved filling the pouring basin 
fitted with a graphite plug to avoid dross. Molds were 
poured at an uphill slope of 1 in. per ft to provide a 
smooth metal flow. 


MOLDING PRACTICE 


Molds were prepared on a jolt-squeeze machine 
using metal patterns, synthetic sand, or core sand. 
Graphite wedges were used as chills. A typical cast- 
ing, riser, and runner system is given in Fig. 1. 


PRESSURE TESTING 


A longitudinal slice 2 in.x12 in.x1/32-in. was taken 
in a horizontal plane at the centerline of the casting 








es 


Fig. 1 — Photograph of test casting after sand blasting and 
identifying marks have been applied. 
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7 Fig. 2 — Drawing of test casting. 
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(Fig. 2). Additional specimens were sometimes cut 
parallel to this at depths closer to cope or drag sur- 
faces. The specimens were finish machined with a 
shaper using a constant machining practice avoiding 
smearing. 

Testing was performed with compressed nitrogen 
at 100 psi, measuring the rate of flow through selected 
1/2-in. diameter x 1/32-in. thick volumes of the spe- 
cimen. A plot of leakage rate vs. position in the bar is 
then made for each specimen (see graphs). 
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Fig. 3 — Temperature data of geometrical distribution of 
leakage. 
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Fig. 4 — Temperature data of dry sand. 
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Fig. 5 -- Temperature data of green sand. 


VISUAL AND METALLOGRAPHIC EXAMINATIONS 


The slices were examined in the as-machined con- 
dition, and in certain cases after polishing and etch- 
ing with 30 per cent nitric acid. Selected specimens 
were cut for micro-examination. In general, macro- 
specimens with a leak rate below 60 ml/sec do not 
show any visible porosity. 


EXPERIMENTAL DATA 


Four variables were selected for principal atten- 

tion in conference with the research committee: 

1) Pouring temperature. 

2) Mold material—green sand of different moisture 
contents, dry sand. 

3) The effect of chills. 

4) The effect of sample depth in the bar (effect of 
depth of machining ). 


Pouring Temperature 


Pouring temperature has long been suspected as an 
important factor in pressure tightness control. The 
evidence of Figs. 3, 4, and 5 indicates an extreme ef- 
fect. It is obvious that pouring at low temperatures, 
(about 1900 F) is very beneficial. Two additional 
heats were poured with the same type of indications 
but are not included in the data because of overly 
long melting time. 

It should be emphasized that off-scale leak rates 
are obtained not only with very high pouring tem- 
peratures, but also that variations from 1900 F to 2000 
F result in a change of leak rate from 11 to 50 times 
at critical regions of the bar (the 2-in. station, for 
example). This factor may also be encountered in 
critical sections of commercial castings poured over 
a relatively small temperature range. 

This sensitivity to pouring temperature is present 
both with green-and dry-sand molds. In both cases, 
the curves follow about the same trend indicating that 
the region around 1900 F gives best results. 

A word of caution in applying these results to ac- 
tua] casting conditions: there is a difference between 
the pouring temperature and the temperature at 
which the casting cavity is filled. This depends upon 
the gating system. Based on some preliminary thermo- 
couple data, it is believed that the temperature drop 
in this test casting is quite small because of the rapid 
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pouring rate and relatively large gates. Therefore, a 
pouring temperature of 2000—2100 F might give the 
same solidification pattern in a commercial casting 
with small or long gates or at a slower pouring rate 
as obtained with 1900—2000 F in the test casting. The 
emphasis in this investigation has been to determine 
which foundry variables are important before apply- 
ing the results. 

The metallographic examination of the samples dis- 
closed the following information. All specimens which 
showed leak rates above 60 ml/sec, poured at 2100 F 
or higher, showed severe spherical porosity in the 
upper 1/4—1/2-in. layers (Fig. 6b). It is interesting 
to note the greatest porosity is just beyond the end- 
chill affected zone. The gas rejected during the freez- 
ing of the first metal concentrated in this zone. 

The grain size varied directly with the pouring 
temperature (Fig. 6a). The low pouring temperature 
produces an essentially sound, fine-grained micro- 
structure (grains less than 1/16-in. diameter). Only 


tg 


ee 





Fig. 6a — Macro-examination of varying temperatures 30% HNOsz: etched. 1X. (Reduced slightly in reproduction) 


6a — 2 — H24, bar 1, 2200 F, 1-in. C depth. 
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a few fine voids were apparent at 500 diameter. The 
microstructure of the bars poured at 2300 F exhibited 
a porous microstructure with large grain size (over 
1/4-in.). Columnar structure was not present in any 
of the speciments to any extent. All exhibited equi- 
axed grains except in the chilled regions. 


Moisture Content of Sand 


The data of Figs. 7, 8, and 9, indicate that in the 
range investigated (from dry sand to 5.5 per cent 
H.2O) increased moisture leads to somewhat greater 
porosity. This variable is not as potent as pouring 
temperature. It should be pointed out that the values 
of 2.6 and 5.5 per cent moisture have undesirable 
working conditions for this sand. They were only em- 
ployed to give a wide range of water contents for 
the experiment. 

In the attempt to obtain a really dry sand (the so- 
called dry sand was baked using conventional prac- 
tice 400 F, 14 hr), a good many molds were calcined 









6a — 3 — H24, bar 4, 1900 F, 1-in. C depth. 
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at 1800 F. Unfortunately, as the tightly bonded water 
is driven from the bentonite, the mold loses strength 
and is difficult to assemble. Other experiments are in 
process in the attempt to provide an end point for 
the moisture series. 

These experiments with moisture content were con- 
ducted at a pouring temperature of 2025 F. It is pos- 
sible that the combination effect of pouring tempera- 
ture and water content may lead to more severe por- 
osity under other conditions. It is important to sepa- 
rate the possible effect of any gases in the metal re- 
sulting from water in the mold by the experiments 
under way using calcined molds. Fisher*, for example, 
has established that under turbulent conditions sphe~ 
ical porosity is more pronounced in oil-bonded sand 
molds than in green or cement bonded molds. 


The Effect of Chills 
Two types of graphite chills (Fig. 10, a and b) have 
Fig. 6b — Geometrical examination bus batt machined), H 24, bar 2, 2100 F. 1x. (Reduced slightly in coeeuagmmars 
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been used in addition to the end chill which is stand- 
ard in all specimens. 

The complete-chill designation indicates that the 
face or faces labelled as chilled are completely formed 
by the chill. The chilling varies progressively since 
the chill tapers from 2-in. thick at the chill end to 
0-in. at the riser. 

The partial chill employs the same chiller, but 
these are set on a side in the sand. In the case of the 
partial chill, the thickness is 2 in. along the whole 
length of the bar, but the chill contact surface of the 
bar tapers from 2-in. wide at the end to 0-in. wide at 
the riser end. In addition the partial chill is cut in 
half to provide an air space to reduce longitudinal 
conduction of heat in the chill. 

Complete Chill Effects 

Referring to the complete chill data (Figs. 11, 12, 
13, 14), when wedge chills are used on top and bot- 
tom only, the leak rate is low. 


End 
Chill 





6b — 2 — 1-in. C depth. 





6b — 3 — %-in. B depth. 
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Fig. 7 — Moisture data of green sand. 
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Fig. 8 — Low moisture (2.6%) data of geometrical distribution 
of leakage. 
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Fig. 9 — High moisture (5.5%) data of geometrical distribution 
of leakage. 








Fig. 10a — Drawing of complete wedge chill. Top — plan view. 
Bottom — elevation view. Riser end on right. 























Fig. 10b — Drawing of partial wedge chill. Top — plan view. 
Bottom -- elevation view. Riser end on right. 
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Fig. 11 — Complete wedge chill data (chills on top and bottom). 
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Fig. 12 — Complete wedge chill data (chills on sides and bot- 
tom). 
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Fig. 13 — Complete wedge chill data (chills on all sides). 
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Fig. 14 — Geometrical, complete wedge chill data (chills on 
sides and bottom). 
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Fig. 15 — Partial wedge chill data (chills on top and bottom). 
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Fig. 16 — Partial wedge chill data (chills on all sides). 
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Fig. 17 — Partial wedge chill data (chills on all sides and end). 
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Fig. 18 — Partial wedge chill data (chills on sides, end and 
bottom). 


When chills are employed at the sides and bottom, 
Fig. 12, the leakage at the standard specimen loca- 
tion is zero. 

Figure 14, H23, Bar 2, indicates the porosity has 
been displaced upward toward the top of the bar. 
Leakage is noted for a 5-in. long region, 1/2-in. from 
the top surface. 

When the bar is completely chilled on all sides 
either very good or very poor conditions are ob- 
tained (Fig. 13, H23, Bars 3 and 4). The poor results 
are probably caused by entrapped air, since the mold 
(completely chilled ) is impermeable. 


Partial Chills 


Partial chills on top and bottom produced effects 
comparable to the complete chills. In the case of 
partial chills on all four sides and the end, a short 
unsound region was encountered starting at the center 
and proceeding toward the chilled end of the bar. 
When only the bottom and two sides were chilled, 
good soundness was obtained as in the case of the 
partial chills. The unsound region has probably been 
displaced upward as in the previous case of the com- 
plete chills. 

It is evident that a given region may be made 
sound by chilling. The porosity is displaced rather 
than completely eliminated under the temperature 
gradients of this experiment and at 2025 F pouring 
temperature. The data indicate that there is some 
shorter bar length which can be made completely 
sound by proper chilling. Quantitave data as to the 
gradient required for soundness may be clearly ob- 
tained by properly instrumented work of this type. 

Interrelation of pouring temperature and chilling 
effects offers much promise. 


Effect of Sample Depth 

In many castings, centerline porosity can be toler- 
ated if sound metal is present to an appreciable depth 
beneath the surface. Conversely, there is little merit 
in obtaining a sound core if the outer regions are 
spongy. 

For these reasons, a study of the effect of specimen 
location has been surveyed. The data indicate that 
in almost all cases, the centerline of the bar is the 
most critical location. The porosity of the upper layers 
is usually more severe than in the lower layers (Figs. 
3, 8, 9, and 14). 

In the two bars from the moisture series, (Figs. 8, 
9) the leakage at positions away from the centerline 
follows the same distribution as at the centerline but 
is less in magnitude. The designations in these figures 
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of 1/4-in. T, 1/2-in. T refer to depth of sample from 
the top surface, whereas 1/4-in. B, 1/2-in. B refer 
to distance from the bottom surface. The center sam- 
ple is 1 in. from both faces. In the mold with the 
higher moisture, the 1/2-in. T leakage behavior curve 
is further from the 1/2-in. B curve than in the lower 
moisture content bar. This is probably related to dif- 
ferent amounts of mold reaction. 

The effects of location in the temperature series 
bars (H19, H20), Fig. 3, are also of interest. The bar 
poured at the lower temperature shows no leakage at 
either 1/2-in. T or 1/2-in. B locations, while the bar 
poured at 2300 F exhibits severe leakage at all loca- 
tions. 


CONCLUSIONS AND RECOMMENDATIONS 


Pouring temperature, chills, and depth of testing 
are variables which affect pressure tightness readings 
severely. Moisture content of the mold is less signifi- 
cant in the range tested. 

From the results of this work, it is evident that for 
pressure tightness castings should be poured at low 
temperatures. If necessary, gating should be adjusted 
to permit this condition. Chilling is particularly effec- 
tive in removing porosity from critical regions. In 
heats made according to good commercial crucible 
furnace practice, maximum porosity is encountered 
at the thermal center of the casting. 

The data of this and previous investigations strong- 
ly suggest that it is necessary to perform critical ex- 
periments to isolate the effects of gas and solidifica- 
tion shrinkage. Gas may be dissolved in the metal 
during melting and superheating, from the ladle or 
from the mold. It is important to evaluate these in- 
dividual contributions and compare them with the 
role of liquid to solid shrinkage. 
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THE EFFECT OF SIZE OF SCRAP ON THE TAPPING 
TEMPERATURE OF A CUPOLA 


By 


N. H. Keyser* and W. L. Kann, Jr.** 


Most foundrymen know that the size and quality 
of the scrap in the charge will affect the operation of 
a cupola. Although most operators of cupola know 
the general nature of these effects, few know them 
in sufficient detail to apply numbers to the effects. 
This paper describes the results of an investigation to 
determine quantitatively the effects of changes in the 
size and weight of pieces of cast iron scrap on the 
tapping temperature and required coke ratio in one 
particular type of cupola operation. 

The operation under study was unusual in two 
ways. First, the charge contained an unusually large 
percentage of cast scrap. Because of its large amount, 
the behavior of the cast scrap had a big influence on 
the behavior of the cupola. Second, the operation of 
the cupola is unusually critical because of stringent 
requirements for close control and excellent uniform- 
ity of the iron produced. These requirements are man- 
datory for the manufacture of high-quality abrasive 
shot. 

The cupola is lined to 54 in. in diameter and has 
a stack height of 22 ft from bottom plate to charging 
door. It is charged with a mechanical cone-bottom 
system, and is tapped continuously. The melting zone 
is jacketed for cooling with water. Several in. of acid 
fire brick line the inside of the cupola against the 
water jackets. Normal acid cperation is used. 

With a metal charge of 2,000 lb, a coke charge of 
255 Ib, and a blast rate of 4,000 cfm, the melting rate 
is about 11 tons per hr. The tapping temperature is 
about 2780 F. The weights of the charge materiais 
(inc'uding air) are carefully measured and controlled 
according to good practice. During this investigation, 
the cupola produced iron with a nominal composition 
of 3.30 per cent carbon and 1.70 per cent silicon. 
Other target compositions are used at other times. 

In the series of experiments described here, the 
2000-Ib metal charge contained 1,700 or 1,800 Ib cast 
scrap. This portion of the metal charge was carefully 
sorted so that all of the cast scrap in a particular 
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charge fell into one of the three following classifica- 
tions: 
1. Light scrap—Relatively lightweight cast scrap 
with section thicknesses of about 1 in. or less. 
2. Heavy scrap —Drop-broken machinery cast 
scrap with individual pieces heavier than in 
light scrap, and with section thicknesses from 
about 1-4 in. 
8. Mixed scrap—Approximately equal weights of 
light scrap and heavy scrap. 

None of the cast scrap in any of the charges was 
either unusually light or thin, nor unusually heavy or 
thick. All the scrap was within limits normally consid- 
ered satisfactory for a cupola of this size. The intention 
was to determine the effects of variations in the 
weight and thickness of the scrap when the variations 
were still within ordinary commercial limits for good 
practice. The effects of extra light scrap or extra 
heavy scrap were outside the scope of the study be- 
cause both of these materials are already known to 
have undesirable effects. 

The balance of the metal charge (200 or 300 Ib) 
was made up from steel scrap and pig iron in pro- 
portions calculated to compensate for differences in 
chemical composition between the light cast scrap 
and the heavy cast scrap. Slightly more steel was used 
with the light scrap than with the heavy scrap. 

The three types of metal charges were used over an 
extended period to determine their effects on the op- 
eration of the cupola. Recognizing the advantages of 
a fixed blast rate, the blast rate was held constant. 
Compensations for the effects of different types of 
metal charges were made entirely by adjustment of 
the amount of coke in the charge. This report deals 
with the amount of coke necessary to correct for the 
changing in tapping temperature which accompanied 
the use of each of the three types of metal charges. 

The results showed that if the coke charge and the 
blast rate were maintained at a fixed level, a change 
in the type of metal charge had a large effect upon 
tapping temperature. Under these conditions, a change 
from light scrap to heavy scrap lowered tapping tem- 
peratures by about 150 F. When the blast rate was 
held constant, the tapping temperature could be 
maintained constant if the change from light scrap to 
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heavy scrap was accompanied by a large increase in 
the weight of the coke charge. Table 1 illustrates the 
amount of coke needed to produce a given tapping 
temperature with each of the three metal charges. 

Table 1 is given for a constant blast rate of 4,000 
cfm. The effect of changes in blast rate was of sec- 
ondary interest in this study, because, in general, the 
advantages of a fixed blast rate in this operation off- 
set the potential advantages of using a variable blast 
rate. It is pertinent to mention that an increase of 10 
to 20 lb in the weight of the coke charge produced an 
increase in tapping temperature about equal to the 
increased temperature obtained by raising the blast 
rate from 3,500 cfm to 4,500 cfm. 

Figure 1 summarizes the data obtained during the 
study. Reduced tapping temperatures were obtained 
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Fig. 2 — Partial log showing effect of size of scrap on the 
tapping temperature of a particular 54-in. cupola operated at 
constant blast rate and constant coke rate. 
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at a given coke rate when the size and thickness of 
the scrap was increased. Additional coke was needed 
to compensate for this effect. The added cost of coke 
is also given in Fig. 1. 

The effects shown in Fig. 1 were determined under 
commercial conditions. They have been verified by 
continued operation of commercial cupolas. Figure 
2 depicts a partial log of one day of operation. It 
shows how the tapping temperature was increased by 
an intentional change to lighter scrap part way 
through the day, and without a corresponding change 
in either coke rate or blast rate. 

A few words are in order about the mechanism by 
which heavy scrap lowers the tapping temperature, 
and by which an increase in the coke charge increases 
the tapping temperature. Assume that a cupola is 
melting 1-in. cast iron scrap and has an operating bed 
height of 40 in. This means that all the scrap has 
been heated to about 2100 F and is melted by the 
time is descends to a level 40 in. above the tuyeres. 
The molten iron drops through and dribbles over 40 
in. of incandescent coke so that the iron is superheat- 
ed to say, 2700 F. 

When the thickness of the scrap is increased to 4 in. 
the larger pieces do not melt so fast. If the coke rate 
and blast rate are maintained constant, coke will 
burn out at the same rate as when the lighter scrap 
is charged. This means that the slower-melting thicker 
pieces of scrap will penetrate lower in the cupola 
before they are completely melted. If they penetrate 
to 30 in. above the tuyeres, the operating bed height 
has been reduced to 30 in. The molten iron will 
dribble through only 30 in. of incandescent coke (in- 
stead of through 40 in. as with the thinner scrap), 
and will be superheated to a lower temperature, say, 
2650 F. 

If more coke is added to the cupola charge at the 
same time that the size of scrap is increased, the 
additional coke will reach the top of the bed about 
the same time as the heavy scrap. The added coke 
will tend to raise the bed, and the heavy scrap will 
tend to lower the bed. If the amount of coke is proper- 
ly selected, the two effects will balance out. 

The principles and the directions of the effects 
will be the same for other types of operation and 
for other cupolas. Only the magnitudes of the effects 
will be different. Close control of any cupola requires 
specific information on the magnitude of these effects. 

In the foregoing discussion, the required change 
in coke rate was made in the same charge that the 
type of scrap was changed, and the blast rate was 
maintained constant. 

Contrast this procedure with that sometimes used 
in foundries when the size of the scrap is changed. 
At first, nothing is done. Then, after the tapping 
temperature goes up or down (as the case may be), 
and the composition and chill depth of the iron are 
affected appropriately, an additional booster of coke 
is added (or should we take some coke out?). Sim- 
ultaneously (but before the disrupting influence 
known as the booster reaches the bed), the blast rate 
is increased (or should we lower the blast?). Under 
these conditions, not uncommon in some foundries, 
the bed height moves up and down and the tapping 
temperature fluctuates greatly. 
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CREATING A CLIMATE FOR MANAGEMENT DEVELOPMENT 


By 





R. B. Parker* 


The job of finding and developing top executive 
material is becoming more important daily, and I 
think the AFS is to be congratulated for selecting 
the subject as the theme of this meeting. 

Before I start on this, perhaps I should tell you a 
bit about our company, in the event that some of you 
may feel that while the theories work for us they may 
not for other organizations. 

We operate plants in 87 cities and 18 states in this 
country—55 plants in all—plus four more in Canada, 
one in France and one in Mexico. There is a head- 
quarters division, nine separate operating divisions 
and three subsidiaries. Compared to many firms, the 
plants are not large, ranging from less than 100 em- 
ployees to 500 or 600, but in total we employ approxi- 
mately 10,000 people, who are members of 67 different 
unions. Fifty-three of our 61 plants are unionized, 
and 38 of them are foundries. 

We manufacture a very diversified product line, 
ranging from railroad brake shoes and automotive 
brake lining to wearing parts for excavating and 
crushing machinery; from steel forgings and hydraulic 
pumps and valves to alloy castings and air compres- 
sors; from railroad car wheels to truck tire molds. 

Because we are primarily a group of small plants, 
many of them foundries, we have both the manage- 
ment problems of the small plant as well as the 
communications problems of a multi-plant operation. 
But no matter what the size of the company, top 
executive development is a basic requirement for 
success. 

The concern of this paper is the intangible qualities 
of a good executive—qualities which I maintain are 
common to all men having the attributes of leader- 
ship, whether or not they know anything about the 
foundry business. A man may not know an invoice 
from a sand mold, but if he has the kind of qualities 
I am writing about, the chances are he is potentially 
good management material. 

Given a little time, any intelligent man can acquire 
an adequate knowledge of the procedures and tech- 
niques of business and finance. What he cannot ac- 
quire are the intangibles—creativity, imagination, 
judgment, integrity, an analytical mind. These are 
the key attributes of leadership, whether it is exer- 
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cised on the playing field, the battleground, or in 
business. 

To a large degree they are attributes that cannot 
be learned. The most we can do is to try to discover 
their presence, and then open the doors of opportunity 
to those who have them. 

Careful selection of the most highly qualified can- 
didates is the indispensable first step in any good 
management development program. This is not as 
simple as it sounds. At the author’s company, for 
instance, it was learned that a man must be known 
thoroughly before you can be sure he is the man he 
seemed to be when he first caught your attention. 
You cannot know him merely by an occasional casual 
conversation about foundry operations, or by periodic 
check-ups on his work, or by watching how he han- 
dles himself in group meetings, or even by calling him 
in for a conference two or three times a year. 

Before you can safely appraise his potentialities 
you have got to know him as a personality—to know 
his likes and his dislikes, his preferences and his 
prejudices, his ambitions and his fears, his strong 
points and his shortcomings. 

In effect, of course, this means that you must know 
him as an individual, not simply as an employee. It 
means, perhaps, getting together with him on a non- 
business basis—exchanging ideas at lunch or over a 
cup of coffee, give-and-take discussions during dinner 
or a drink, informal “bull sessions” at company outings 
or similar get-togethers. There is no better way to 
locate the essential spark in a man than by rubbing 
his ideas together. 

Once we have found the man, obviously, the next 
step is to train him, to teach him how to use his 
assets to best advantage. This calls for effective com- 
munications, an area in which too many managements 
lack direction and know-how. I do not intend to 
digress into a discussion of communications theories 
and techniques. I simply want to stress the fact that 
the teaching process should not be a sporadic one, a 
hit-or-miss matter of merely exposing executive can- 
didates to company practices and policies from time 
to time, or of holding a series of management training 
sessions and then expecting the “graduates” to be 
ready to manage. 

The training process must be a continuous one, 
year in and year out. At the author’s company it is 
believed it should be an extremely comprehensive 
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program, designed to familiarize potential executives 
with all phases of company operations. In a diverse 
multi-plant firm such as ours, the process is apt to be 
more complex than in the average foundry, which as 
a rule tends to be a relatively small operation. Never- 
theless, the principle is the same: give executive can- 
didates a good grounding in all aspects of the business, 
and do it thoroughly, systematically, and continuously. 

We try to do it by a variety of techniques: by a 
consistent two-way communications policy, all the 
way up and down the line; by trying to create an 
atmosphere in which it is all right to challenge an 
established policy to find out why it was adopted; to 
fight your boss when you think you are right; by 
spelling out our aims, and the obstacles in the way 
of their achievement; and above all by such practices 
as inviting potential bosses to participate in the dis- 
cussion of problems which are not directly related to 
their own job. 

Often, for instance, meetings of our division heads 
are also attended by their subordinates, to give them 
a better grasp of top management problems and solu- 
tions. Our information center program is another ef- 
fective training and communications medium. This 
was started primarily because there was inadequate 
transmission of company policy from the chief execu- 
tive in New York and headquarters service depart- 
ments along the line to our foremen and plant man- 
agers. It was also started because of unintentional 
(and maybe some intentional) distortion in policy 
interpretation. 

The program consists of a series of meetings for 
groups of superintendents, foremen, engineers, sales- 
men, and accountants. The sessions last three or four 
days, and are designed to be as informative as possi- 
ble. Top management officials discuss their functions 
and relate them to the business as a whole. Ques- 
tions are encouraged, and are given complete, frank 
answers, many times by the president himself. You 
all know what fun it can be to be able to quote the 
president to your immediate boss. 

I can assure you that by the time the four days are 
over everyone has benefited. Top management repre- 
sentatives learn what makes their subordinates tick, 
and get a good line on the sort of executives they 
would make. The subordinates get a behind-the-scenes 
slant on company policies, and find out what it takes 
to make them function effectively. 

They also become imbued with the feeling that 
they are really a part of the management team. They 
begin to think like top management men, studying 
various department problems from every angle, ap- 
praising possible solutions with a much broader com- 
pany point of view, sparking ideas, and generally 
functioning as an executive should function. 

I think the next important step in the creation of 
a satisfactory management development climate is 
to broaden the experience of potential executives, by 
giving them more executive responsibility. You can 
train a man till the foundry falls down, but you will 
never really know whether he can handle responsi- 
bility until you give him a chance to handle it. What 
is more, if you regard him as top management timber 
you would be wise to give him responsibility in a 
variety of capacities. 


Management Development 


At the author’s company we move potential execu- 
tives from job to job, a practice described as “hori- 
zontal promotion.” The purpose here is to widen the 
men’s experience and give them an opportunity to 
see how problems are handled in departments other 
than their own. From time to time, too, we ask 
them to sit in on meetings involving such varied ac- 
tivities as: plant labor negotiations, product pricing 
arguments, pension system planning, discussions with 
lawyers, plans for the preparation of the annual re- 
port, and so forth. 

This kind of exposure to top management prob- 
lems and activities brings a man out of himself and 
creates an atmosphere in which he can grow. All we 
ask is that he have the seeds of growth within him. 

This brings us to what I consider one of the most 
important of all steps in effective top management 
development: letting executives put their ideas into 
practice. This means giving them freedom: freedom 
to plan, to venture along untried paths; freedom from 
interference, even when you doubt the value of their 
programs; freedom to take risks, and to fight back 
when their ideas are opposed by their superiors. Most 
of all, it means what we call “freedom to fail.” Unless 
a man is free to go ahead with his ideas, despite the 
risk of their failing, you cannot really be sure of his 
potential as an executive. 

We believe it is much more serious a blot on a 
potential executive’s record for him not to have tried 
another way than to have tried and had his plan fail. 
A man learns far more from his failures, particularly 
when they are the result of courage—the courage to 
try another way. 

Naturally, you must know your man before you 
grant him such freedom. Know him as a person, 
expose him to various types of executive problems 
and responsibilities, and then give him his head. If 
he is of executive caliber this will reveal it as nothing 
else can. 

Do not worry about his making mistakes. He will 
make some, never fear. But if you have chosen your 
man carefully his successes will far outnumber his 
failures. And they will bring benefits which would 
probably never be realized without this exercise of 
the freedom to fail. 

I think this freedom represents the principal key to 
sound management development, for this reason: it 
stimulates men to “reach out,” as we say at our 
company—to extend themselves to a degree impossi- 
ble to men whose judgment and abilities are throttled 
by the knowledge that their actions are constantly 
subject to top management approval and criticism. 

One of the great needs of management is for men 
who are eager to reach out in this way: to reach out 
for more responsibility, for more knowledge, and for 
more and better solutions to management problems. 

There are few more important jobs for top man- 
agement today than to find and develop men with 
this capacity for reaching out. You cannot do it by 
being satisfied with a man’s accomplishments in his 
own department. Find out if he has ideas and abilities 
in other directions too. You will be surprised at what 
you may discover: salesmen who have practical sug- 
gestions for improving production operations, pro- 
duction supervisors who know how to improve your 
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annual report, accountants who have constructive ad- 
vertising ideas. 

Let me cite a couple of examples from my own 
experience. A sustained slump in the sales of non- 
metallic bearings once had one of our plants in 
danger of a shutdown. A production foreman at the 
plant, happening to find a file full of old repeat orders 
for bearings, noticed that the orders were several 
vears old. None of the customers had done business 
with the plant since their orders were last filled. 

The plant’s salesmen had not followed up the ac- 
counts, nor had anything else been done to keep them 
active. The foreman took the orders to the sales man- 
ager and suggested that salesmen be sent out to try 
to renew the accounts. His suggestion was followed, 
and much of the old business came back—at a par- 
ticularly critical time. As things turned out, the fore- 
man’s “reaching out” action was instrumental in put- 
ting the plant back on its feet. 

Another example concerns an office boy who was 
promoted to supervisor of our duplicating department, 
simply because he had the initiative to reach out 
beyond his regular duties and learn all about the ma- 
chines in this department. It was not long before he 
knew more about them than the man who had been 
running them—a service man from outside the organ- 
ization. 

I imagine some of you have known of similar in- 
stances. You have probably also experienced a feeling 
of frustration on occasion when you knew of a better 
way to perform some operation in another depart- 
ment, and did not feel that you had the right to 
point it out. 

We had an excellent opvortunity, on a large scale, 
to test the practicality of this reaching out technique 
after World War II. Then we began to grow rapidly 
and at the same time found ourselves faced with a 
serious shortage of trained specialists. In desperation 
we were forced to fill key jobs with men who lacked 
the training for them. For example, we moved a comp- 
troller into sales management, promoted a purchasing 
agent to a division vice-president, shifted an office 
accountant into labor relations, and converted the 
company’s assistant treasurer into a medical and 
safety director. Incidentally, this man is president of 
the company today. 

I am glad to be able to say that these experiments 
worked, beyond our greatest expectations. If they 
had not, I am not so sure I would have had the chance 
to be in this spot today. 

I think we have learned three important lessons 
from this experience. First, we found that, as a rule, 
a man with exceptional ability in one area is likely 
to have outstanding abilities in other areas too. Sec- 
ond, we learned that it is a mistake to place more 
emphasis on a man’s formal experience than on his 
qualities as a man. And finally, we discovered that 
the reaching out process not only stimulates a degree 
of teamwork not possibie under other conditions, but 
also produces a continual flow of interdepartmental 
ideas, real work satisfactions, and deep company 
loyalties. 

In short, we learned that it is unwise to create a 
group of specialists functioning under the domination 
of a single individual. The days of management dicta- 


401 


torship are gone. Today’s top executives must be 
leaders, not autocrats. You cannot run a company as 
a one-man operation and expect to develop execu- 
tive leadership in others. 

Too many foundries, it seems to me, tend to be 
top-down, one-man operations. But management is 
too complex an operation today for any one man to 
have all the answers, to spark all the ideas. Success- 
ful management embraces so many areas: manufactur- 
ing, buying, selling, financial negotiations, govern- 
mental activities, and so on. Most important of all, it 
requires a knowledge and understanding of the human 
factor. No one man can possess all the skills necessary 
to operate a company at full effectiveness. To do the 
job properly you need the ideas, the abilities, and 
the leadership of many men. 

Essentially, the job of top management is to help 
men discover and develop their talents. The success 
of a foundry operation, perhaps more so than in the 
case of many other businesses, depends largely upon 
the caliber of its management—all of its management. 
As you know, there is a scarcity of skilled executives 
in the foundry business today, and, as a result, there 
is a great deal of competition for the services of men 
with top management abilities. 

This is another reason why it is important to 
spread management responsibility, just as it is an- 
other reason against the one-man-dominated, top- 
down management operation. You cannot run a one- 
top executive team, rather than just top executive. 


In a speech before the American Management As- 
sociation a couple of vears ago, the manager of In- 
ternational Harvester Company’s education and _per- 
sonnel departnient made this comment: “Today almost 
the only unique advantage a company can have is 
the possession of resourceful, aggressive, imaginative 
management at all levels.” He went on to stress the 
importance of giving men a variety of assignments 
in order to develop them into top management mate- 
rial. To illustrate his point, he cited a survey of Har- 
vester top executives which showed, among other 
things. that they “did not think of any regular job 
with the company as having been much more im- 
portant than any other in their development; rather, 
they attached greater significance to certain special 
assignments . . . invariably outside the usual scope of 
the positions held.” 

That is why at our company we believe in giving 
a man a variety of jobs, rather than just confining him 
to a block on an organization chart. Let me give you 
an an example. When one of our foundries needed 
an advertising manager we did not limit our search 
to men with an advertising background. For one 
thing, few of them had any real familiarity with 
foundry terminology. However, in one of our research 
departments there were several men who did know 
the language. We did not let the fact that none of 
them had any advertising experience prevent us 
from considering them. Finally, one of these men, a 
metallurgist, was chosen for the job. 

Yes. he made some mistakes in the beginning. But 
not nearly as many, we think, as might have been 
made by a regular advertising man dealing with an 
unfamiliar technical subject. Furthermore, our metal- 
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lurgist never made the same mistake twice. It was 
not long before he was handling the job like an 
expert. 

An interesting postscript to this story, by the way, 
is the fact that this same man was made a sales man- 
ager of another division, a job in which he performed 
with equal success. 

A similar example is the case of the foreman who 
was promoted to editor of our company magazine. 
Before this the publication had been edited by people 
who knew how to write, but who lacked an under- 
standing of foundry workers and methods. As a re- 
sult, the magazine had done little to improve employee 
relations. 

Our foreman-editor knew his people, and knew 
foundry operations and problems. And, because he 
too was a “reacher-outer,” with abilities beyond those 
of his foreman’s job, he was able to succeed where 
his predecessors had failed. 

Along these same lines, years ago, when we needed 
a new sales manager, it was customary to give the 
job to our best salesman. Today we know better, 
and select a man who knows how to build an effec- 
tive sales force, whether or not he happens to be a 
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star salesman himself. For that matter, he need not 
even be a salesman at all. 

My point is obvious: do not be afraid to switch men 
around when there is a job to fill. Do it even where 
there is not any job open. Remember, in the average 
foundry there are only a few top jobs. To get the 
most out of each one, do not pigeon-hole your execu- 
tives. Do not breed a group of specialists, capable of 
handling only the problems in their own little pro- 
vince. You cannot build an all-around management 
team that way. 

Do not make the mistake, a very common one, of 
thinking that because a man is a salesman, or an 
accountant, or whatever, that that is all he is capable 
of being. For all you know he may be in his present 
sphere only because that is the one in which he first 
got his start in the business. But he may actually 
have more capabilities in some other direction. You 
will never know until you give him a chance to prove 
himself, until you create a management climate that 
will give him a real opportunity to extend himself, 
to reach out beyond the borders of his present job. 

This, in my opinion, is the secret of developing a 
top executive team, rather than just a top executive. 

















SHELL MOLDING FOR STEEL CASTINGS 


By 


R. G. Powell* and H. F. Taylor** 


ABSTRACT 


Surface defects generally occuring on low-carbon and 
low-alloy steel castings in shell molds can be eliminated 
by the use of chill-type shell molds. Such molds can be 
made with forsterite or cheap blends of granulated lime- 
stone and silica sand. The chilling effect, in the respec- 
tive cases, depends on the high conductivity of forsterite, 
and on the endothermic dissociation of limestone plus 
the endothermic reaction of COs. with carbon from the 
resin binder. 


INTRODUCTION 


The unacceptable surface condition produced on 
low-carbon and low-alloy steel castings made in shell 
molds, is perhaps the greatest deterrent to more 
widespread use of shell molding by the foundry in- 
dustry. Even though it is a relatively expensive proc- 
ess, shell molding does offer definite advantages over 
conventional molding. It is hoped the information 
presented in this article will help steel founders to 
adapt the process to many of their castings. 

Previous research sponsored at M.I.T. by the Steel 
Founders’ Society of America’ and by Watertown Ar- 
senal? led to the belief that the cause of the surface 
defects on low-carbon and low-alloy steel castings 
was an unfavorable time relationship. This time rela- 
tionship was between skin formation of solidifying 
castings and the strong evolution of gas by the resin 
of the shell molds. Improvement in surface condition 
of castings resulted when 1) manganese dioxide or 
calcium carbonate powder was added to silica sand- 
resin mixtures, and 2) when zircon, chrome ore or 
especially olivine was used instead of silica sand. 

The substitute refractories were believed beneficial 
because of their chilling effect. They promote skin for- 
mation of castings. No satisfactory explanation was 
found for the role of manganese dioxide and calcium 
carbonate. 

A recent research project, sponsored by Watertown 
Arsenal, gave results which confirm the original the- 
ory on the cause of the surface defects. The role of 
forsterite in curing. these defects was clearly estab- 
lished. The beneficial functions of manganese dioxide 
and calcium carbonate powders were explained. Prac- 
tical techniques developed are described in this paper 


*Research Staff Member, Department of Metallurgy, Massa- 
chusetts Institute of Technology, Cambridge, Mass. 

**Professor, Department of Metallurgy, Massachusetts Institute 
of Technology. 
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which make it possible to adapt shell molding to the 
manufacture of low-carbon and low-alloy steel castings 
regardless of section size. 


CAUSE OF SURFACE DEFECTS 


In the belief that surface defects result because the 
skin of castings formed simultaneously with develop- 
ment of high gas pressure in the molds, a study of 
equilibrium data was made. From these data the 
researchers hoped to determine other elements which, 
like increased carbon, would delay skin formation of 
steel castings. Boron, titanium and silicon were select- 
ed for testing. 

It was found that about 0.030 per cent boron was 
sufficient to produce a surface on steel castings com- 
parable to the excellent surface obtained with cast 
iron. Boron develops poor mechanical properties in 
steel when more than 0.004 per cent is used. As 
expected the castings were extremely brittle. Tests 
with titanium indicated that about 1.5 per cent ti- 
tanium would be required to obviate the usual sur- 
face defects. However, the mold-metal reaction oc- 
curred because of the great reactivity of titanium. 





about 35 Ib, made of 


1—Industrial casting, weighing 
Ry Bh BM BFR 
a shell mold containing 3.0 per cent Fe:Os. 


Fig. 
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Fig. 2—Same casting as in Fig. 1, made of low-carbon steel 
in a shell mold containing 3.0 per cent Fe-:Os. 





Fig. 3—Back of experimental casting weighs about 13 lb, 
made with low-carbon steel in a silica sand-resin shell mold. 





Fig. 4—Experimental casting made of low-carbon steel in a 
forsterite shell mold, poured at 2900 F. 
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Silicon, a more acceptable element in cast steel, com- 
pletely eliminated surface defects when used in 
amounts of about 2.5 per cent. 

Further work with silicon modified steel in molds 
containing additives showed that equivalent results 
could be obtained with only 1.50 per cent silicon 
when the sand-resin mixture contained iron oxide. 
With 1.25 per cent silicon when manganese dioxide 
was the additive the results were the same. An indus- 
trial casting made with steel containing 1.5 per cent 
silicon in a mold containing 3 per cent iron oxide is 
shown in Fig. 1. For comparison, a casting with a 
normal amount of silicon made in a similar mold is 
shown in Fig. 2. 

It is not practical, particularly from the specifica- 
tions standpoint, to modify carbon steel compositions 
as a means for controlling casting surface defects. Nev- 
ertheless, the results of these experiments are valu- 
able. They strongly support the time-relationship 
theory as the basic cause of surface defects, and sug- 
gest that oxidizing agents added to the molds are 
beneficial as they advance the time of gas evolution. 


EFFECT OF FORSTERITE 


Results obtained with forsterite as mold material 
are illustrated by the castings shown in Fig. 3 and 
4. In regard to the chilling effect of forsterite, a con- 
fused situation existed. This is because it gave better 
results than zircon. Zircon had been rated a better 
chill than forsterite in a previous study on the chill- 
ing ability of various molding refractories.? This 
chill rating was made from data taken on the solidi- 
fication of relatively large steel spheres with a thermo- 
couple in their center. However, there is a funda- 
mental difference between a surface chill and a section 
chill, so it was concluded that forsterite probably was 
a better surface chill than zircon. 

This was investigated by making grain-size observa- 
tions on M-bronze castings. Thick shell molds of 





Fig. 5—M-Bronze castings in shell molds illustrating the 


chilling effect of zircon (center) and forsterite (right) in regard 


to silica sand (left). Etched with nitric acid. Reduced slightly 
in reproduction. 
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silica, zircon, and forsterite were poured at the same 
time through a common sprue arranged with three 
runners. The metal was poured at 2100 F. Observa- 
tion of grain sizes showed that forsterite can be a 
better surface chill than zircon on steel castings. In 
fact, with high conductivity bronze, its greater chilling 
effect was felt throughout the 1 in. thick section of the 
casting (Fig. 5). 

Following these experiments, data on the thermal 
conductivity of olivine (commercial forsterite) were 
furnished the authors by Dr. Aslak K. Valheim of 
the Government Raw Materials Laboratory in Trond- 
heim, Norway. Olivine is extensively used in general 
foundry practice in Norway. These data (Fig. 6), indi- 
cate that olivine has three to four times the conduc- 
tivity of silica sand at low temperature. Its conduc- 
tivity, however, decreases rapidly with increasing 
temperature while that of silica sand increases. 

In comparison, the thermal conductivity of zircon 
is about twice that of silica at low temperature. Its 
conductivity decreases much less rapidly than that 
of forsterite with increasing temperature. 

It is generally accepted that the fundamental equa- 
tion of solidification of metal in a mold is: 

X=Myt (1) 
where X = the thickness of metal solidified after 
time t. 
M = the constant of solidification. 


Chvorinov has defined this constant in terms of 
metal and mold properties. He has expressed the 
above equation as follows:* 


x ws L1BBG vt® (2) 
where T = the solidification temperature of the 
metal. 
= its heat content of solidification and 
superheat. 


its specific gravity. 
the heat-diffusivity coefficient of the 
mold. 


om « 
ll Il 


In turn, b is equal to the square root of the product 
of the mold conductivity, specific heat and specific 
gravity: 

b= VKCr p 

Equation 2 shows that the amount of metal solidi- 
fied after a certain time varies directly with the 
heat-diffusivity coefficient of a mold. Since the mold 
properties defining b vary somewhat with tempera- 
ture, average values over a range of temperatures are 
used to determine X. This is legitimate when treating 
solidification of casting sections, and when the mold 
properties do not change appreciably during the time 
of solidification. 

The present problem, however, concerns skin for- 
mation of castings. It is the low temperature proper- 
ties of the molds that must be considered. Approxi- 
mate values of diffusivity coefficients of silica sand, 
zircon, and forsterite at low temperature have been 
calculated and are presented in Table 1. This shows 
that forsterite initially in a mold has greater cooling 
ability than zircon, and about twice that of silica 
sand. The fact that the conductivity of forsterite 


*Dimensional units: meters, cal, kg and hr. 
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greatly decreases with increasing temperature ex- 
plains why the material is not as good as zircon for 
a section chill on steel castings. 


EFFECTS OF MnO, AND CaCO; 


The tests with silicon modified steel indicate that 
manganese dioxide in shell molds would advance gas 
evolution. Previous measurements showed that man- 
ganese dioxide delayed gas evolution while calcium 
carbonate advanced it.?* These measurements were 
made under steel casting conditions which caused 
extremely rapid evolution of gas, and their accuracy 
was questioned. New measurements were made with 
conditions under better control, using a technique 
similar to the AFS standard method for gas determina- 
tion of core binders. 


TABLE 1 — HEAT DIFFUSIVITY COEFFICIENTS OF 
MOLD MATERIALS AT LOW TEMPERATURE 





























K* C,* p* b® 
Silica sand 3.14 x 10° 0.21 2.6 4.15 x 10° 
Zircon 5.16 x 10° 0.16 4.6 6.15 x 10° 
Forsterite 9.42 x 10°°*°* 0.24 3.2 8.50 x 10° 
* in CGS Units 
*® taken as 3 times K of silica 
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Fig. 7—Effects of MnO. and CaCO; additives on gas evolu- 
tion at 1600 F. 
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Preliminary tests with a 94 per cent sand, 6 per 
cent resin mixture indicated a larger content of resin 
would be preferable. A mixture containing 76 per 
cent sand and 24 per cent resin was found suitable. 
When additives were used, the ratio of resin to addi- 
tive was kept the same as previously used in shell- 
molding mixtures. Shell specimens were all made 
on one plate at the same time to insure exactly the 
same conditions of curing. These specimens were 
ground and well mixed to obtain good homogeneity. 

Two grams of material were then used to run gas 
determinations. Three determinations were made on 
each material. Total gas evolution was measured at 
1600 F, with time readings taken at every 20 cc of 
gas evolved. Data presented in Fig. 7 show that both 
manganese dioxide and calcium carbonate advance 
gas evolution. 

TABLE 2 — ENTHALPY CHANGES IN THE 


DISSOCIATION OF CALCIUM CARBONATE IN THE 
PRESENCE OF CARBON AND HYDROGEN 


Hydrogen Presence 
A H® = + 41,800 cal 


A H® = + 41,600 cal 
A H® = + 16,200 cal 





Carbon Presence 
(1) CacOs ™> Ca0+ CO, 
(2) CO.+C ™> 2CO 
(3) CO. +H: ** CO+H.0 








TABLE 3 — DISSOCIATION PRESSURE OF CALCIUM 








CARBONATE* 
temp., C Pressure, Atm. 
550 0.00054 
700 0.0292 
800 0.220 
898 1.000 
906.5 1.151 
937 1.770 
1082.5 8.892 


*From Chemical Engineers’ Handbook, 3rd Edition, p. 174. 


TABLE 4 — EQUILIBRIUM OF REACTION 
C+CO, @Z 2 coe 











temp., C %COz 
500 95.0 
600 77.0 
800 7.0 
1000 0.6 

1200 0.06 


*Reference Book of Inorganic Chemistry, Latimer and Hilde- 
brand, Revised Edition, p. 269. 








Fig. 8—Experimental casting made of low-carbon steel in a 
shell mold of silica sand blended with 10 per cent granulated 
limestone, poured at 2950 F. 
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It was also observed that swelling of larger castings 
occurred in molds containing manganese dioxide. Th« 
function of this additive appeared to be that of oxi- 
dation producing a more rapid breakdown of the resin 
structure. Other indications were that calcium carbo- 
nate, like forsterite, chilled the surface of castings. 
This effect was predominant. When the two additives 
were tested in molds made of zircon sand, results 
showed that calcium carbonate further improved the 
surface of castings while manganese dioxide made 
it worse.” 

The chilling effect of calcium carbonate was thought 
related to its endothermic decomposition, and the 
further endothermic reaction of CO, with carbon 
from the resin binder. The molecular weight of cal- 
cium carbonate being about 100, reactions 1 and 2 
of Table 2 indicate that in shell molds it would absorb 
roughly 800 cal per gram when the steel is poured. 

In comparison, the heat of solidification of steel is 
only in the order of 70 cal per gram. As indicated in 
Tables 3 and 4, dissociation of calcium carbonate 
would actively take place between 800 and 900 C. At 
this temperature level, the reaction of CO2 with car- 
bon would go almost to completion. Reaction of CO: 
with hydrogen could take place to a limited degree. 

The effects of increasing amounts of manganese 
dioxide powder in shell molds have been studied 
previously. Up to 4.0 per cent was used, and only 
slightly better results were obtained than when 2.0 
per cent was used. Since oxidation appeared as the 
beneficial function of manganese dioxide, work was 
done with stronger oxidants and catalysts for oxida- 
tion reactions. 

It was possible to obtain improvement over man- 
ganese dioxide in regard to the typical surface de- 
fects. However, the casting swelling difficulty was 
aggravated. This is apparently due to a rapid burnout 
of the resin bonds between the sand grains yielding 
of sand layers at the face of the mold under pressure 
of the metal. From a practical point of view, this 
phase of the work was inconclusive. 

In the case of calcium carbonate, the chilling effect 


eo 





Fig. 9—Same casting as shown in Fig. 1 and 2, made with 
low-carbon steel in a shell mold of silicon sand blended with 
10 per cent granulated limestone, poured at 2900 F. 
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would be directly proportional to the amount of addi- 
tive present. This was investigated with molds contain- 
ing increasing amounts of calcium carbonate powder 
up to 5 per cent. Great difficulties were experienced 
in making molds with more than 3 per cent powder. 
As expected, the casting surface condition gradually 
improved with successive additions of more carbonate. 
The problem of mold strength was solved by using 
granular material instead of powder. About 10 per 
cent granulated limestone was blended with silica 
sand to produce the castings shown in Fig. 8 and 9. 


COMPOSITE SHELL MOLDS 


Difficulty was experienced when using forsterite 
shell molds. This difficulty is—poor sharpness of detail 
on castings resulting from chilling and of non-wetting 
of molds by low-carbon steel. This can be best over- 
come by using composite forsterite molds having a 
thin facing of silica sand. These molds are made by 
a process of double investment which was previously 
described by the authors.* A casting made in a com- 
posite forsterite mold is shown in Fig. 10, for compar- 
ison with the one shown in Fig. 4. 

In the case of granulated limestone-silica sand 
blends, there may be some trouble with metal pene- 
tration. This is particularly true when casting steels 
which have not sufficient chilling tendency. In gen- 
eral, this can be minimized by using finer limestone, 
and pouring without much superheat. However, best 
results are obtained by using composite shell molds 
with limestone in the backing only. Castings made 
in such molds are shown in Fig. 11 and 12. 

Slight surface pitting is another difficulty which 
may be experienced. Pitting appears related more to 
segregation and degree of cure of the resin than 
anything else. The use of coated sand to prevent segre- 
gation, and of high pattern temperature to overcure 
the resin at the face of the molds, largely eliminates 
the pits. The pits are confined to the skin of the 
castings and cause littie harm. 





Fig. 10—Experimental casting made of low carbon steel in 
a composite forsterite shell mold having a thin facing of silica 
sand, poured at 2875 F. 
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Fig. 11—Experimental casting made of low-carbon steel in a 
composite shell mold having a thin facing of fine silica sand 
and a backing of coarse silica sand blended with 20 per cent 
granulated limestone, poured at 2875 F. 





Fig. 12a—Same casting as in Fig. 1, made of low-carbon steel 
in a composite shell mold having a thin facing of fine silica 
sand and a backing of coarse silica sand blended with 20 
per cent granulated limestone, poured at 2875 F. 





Fig. 12b—Experimental casting made of low-carbon steel in a 
composite shell mold having a thin facing of fine silica sand 
and a backing of 100 per cent granulated limestone, poured 
at 2950 F. 
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CONCLUSION 


It has been shown that the surface defects generally 
occurring on low-carbon and low-alloy steel castings in 
shell molds can be eliminated by the use of chill-type 
shell molds. Such molds can be made with forsterite, 
or with simple blends of granulated limestone and 
silica sand. Best results are obtained when these ma- 
terials are used in composite shell molds. These molds 
should have a thin facing of fine silica sand, and be 
made by a double investment process. 


ACKNOWLEDGEMENT 


The authors wish to thank Watertown Arsenal and 
the Department of the Army for sponsorship of this 
work. They would also like to express their apprecia- 


Shell Molding for Steel Castings 


tion to Professor Charles C. Reynolds and George E. 
Schmidt, Jr., for their cooperation and help. 


REFERENCES 

1. S.F.S.A. Report No. 34, “The Shell Molding Process for 
Plain-Carbon and Low-Alloy Steel Castings”, August 1955 

2. M.L.T. Report to Watertown Arsenal, “Shell Molding fo: 
Steel Castings”, August 31, 1955 

3. Locke, C. and Briggs, C. W., “Heat Transfer of Various 
Molding Materials for Steel Castings”, AFS TRANSACTIONS, 
62, 1954, p. 589. 

4. Chvorinov, N., “Control of the Solidification of Castings 
by Calculation”, Proceedings of the Institute of British 
Foundrymen, V. 32, 1938-39, p. 229. 

. Navarro, Jose and Taylor, H. F., “Inorganic Binders Solve 
Shell Molding Proble.ns”, Transactions AFS, 64, 1956, p. 
625. 

6. Powell, R. G., Adams, C. M., Jr. and Taylor, H. F., “Re- 
search on Shell Molding”, Transactions AFS, 62, 1954, p. 

148. 


Ut 





ua 
in 
to 

lig 
di 
in 

an 
cr 
da 


*U 


Fig. 


58-2 





h 











TENSILE PROPERTIES OF MICROSHRINKAGE-GRADED 
AZ-63 MAGNESIUM ALLOY 


By 


I, J. Feinberg and J. D. Grimsley* 


ABSTRACT 


Microshrinkage is damaging to the tensile properties 
of magnesium alloy AZ-63 casting material but little 
has been done to define the quantitative effects of the 
defect. A determination of tensile properties related to 
the degree of the defect obtained in radiographic classi- 
fication is described. Quantitative determinations of ulti- 
mate strength, yield strength, and elongation values 
through statistical analysis of experimental data are 
discussed. Expected minimum properties for AZ-63 cast- 
ing material containing six degrees of microshrinkage are 
presented. 


INTRODUCTION 


Reference radiographs which illustrate common de- 
fects in several degrees have been found to be val- 
uable guides in the quality control of light-alloy cast- 
ings. The Aeronautical Technical Inspection Manual 
(NAVAER-00-15PC-504), which has been compiled 
to fulfill the critical requirements for inspection of 
light-alloy aircraft castings is one of these guides. 
Quantitative tensile property data related to the gra- 
dient of the generally distributed defects illustrated 
in the manual are necessary in developing accept- 
ance standards for particular casting applications. Mi- 
croshrinkage is a defect for which tensile property 
data is required. 


*U. S. Naval Ordnance Laboratory, White Oak, Silver Spring, 
Maryland. 


LINE OF INVESTIGATION 


This investigation was concerned with the determi- 
nation of the tensile properties of sand-cast, heat- 
treated and aged AZ-63 material containing the com- 
mon feathery or layer-type of microshrinkage. In its 
conduct it was essential to carefully control the fac- 
tors other than microshrinkage which could have an 
effect on tensile properties. It was necessary to pro- 
vide test material with a uniform type of microshrink- 
age, and a range of this type. 

The determination of tensile properties was direct- 
ly related to the severity in radiographic appearance 
of the discontinuity. Special emphasis was placed on 
the radiographic classification of the test material. 
Statistical methods were applied in reduction of the 
experimental data, because it was desired to obtain 
property values applicable to design. 


NATURE OF MICROSHRINKAGE IN MAGNESIUM 
ALLOY AZ-63 

The term microshrinkage is used interchangeably 
with microporosity among light-alloy foundrymen. 
It has been adopted in the nomenclature of the Aero- 
nautical Technical Inspection Manual for the common 
layer-type of defect, SM 2.3. Since this investigation 
has been conducted in a phase of the radiographic 
standards project which produced the Manual, the 
term microshrinkage will be used in this paper. 





Fig. 1—Microshrinkage types. la (left)-cloudy, 1b (right)-feathery. 
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Microshrinkage is due to unfed voids in alloys 
which solidify over a considerable temperature range. 
Gas in magnesium-base alloys causes a marked in- 
crease in the number of voids, but does not alter 
their characteristic form.1 Microshrinkage is found 
to some degree in most magnesium castings. Radio- 
graphically, two forms of this defect are encountered: 
1) a localized cloudy appearing dark area (Fig. la), 
and 2) the more common featherlike streamers (Fig. 
lb). 

The discontinuity is not generally dispersed as is 
gas porosity in aluminum castings, but localized in 
improperly fed areas.” 


PREPARATION AND SELECTION OF TEST MATERIAL 


Panels in which microshrinkage was synthesized 
were prepared in the following manner. Primary AZ- 
63 was melted down using a flux, and heated to 1400 
F. One per cent of the flux was stirred through the 
melt. Each heat was raised to 1650 F for 15 min, 
then lowered to 1475 F, stabilized, sampled, skimmed, 


























| A 
Fig. 3—AZ-63 Reference radiographs, microshrinkage 2.3. 
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and poured. The panels were cast in a highly per- 
meable silica-sand mixture containing 1.5 per cent 
sulfur, 2.0 per cent boric acid, 2.0 per cent bentonite, 
2.5 per cent water, and 1.5 per cent diethylene glycol. 
Finally the panels were solution heat treated at 750 
F for 12 hr, and aged at 425 F for 5 hr. 

Gradations in microshrinkage were obtained through 
variation in pouring temperatures and riser heights. 
These temperatures ranged from 1215 F to 1475 F. 
Riser heights of 1/2-in., 2 in., and 4-1/2-in. were 
employed. Figure 2 illustrates gating and risering 
used in producing the panels. 

Because chemical composition, heat treatment, mi- 
crostructure, and macrostructure affect tensile prop- 
erties, variations of these factors were limited in the 
test material. Contaminating inclusions were avoided 
and the chemical composition was controlled for each 
heat. Secondary elements and impurities in the select- 
ed test material complied with specified maxima. 

The aluminum content of test material ranged be- 
tween 5.6 and 5.9 per cent, zinc between 2.6 and 3.1 
per cent. Metallographic and microradiographic exam- 
inations were conducted to insure the use of material 
with a normal solution heat treated and aged micro- 
structure only. Metallurgical examination of test slabs 
included checks for: a) Grain size, b) Massive com- 
pounds, c) Segregation, d) Microshrinkage distribu- 
tion, and e) Contaminating inclusions. 

Flat specimens with a reduced section of 3/8-in. 
x 1/2-in. were used to facilitate radiographic classi- 
fication. In layout, the microshrinkage degree under 
test was concentrated in the center of the test speci- 
men. To insure the proper fracture locale, it was 
necessary to limit microshrinkage in adjacent areas 
to a lesser degree of severity. Specimens were ma- 
chined on all sides to eliminate effects introduced by 
the casting skin. 
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RADIOGRAPHIC CLASSIFICATION 


A photographic reproduction of the reference radio- 
graphs established for specimen classification is shown 
in Fig. 3. The radiographic illustrations for each 
grade were selected on the basis of their similarity 
to corresponding grades of microshrinkage, SM 2.3, 
illustrated in the Manual. These radiographs were 
obtained from 3/8-in. thick material, the same thick- 
ness as the test specimens. Type M film was used in 
the reference radiographs and in all test material 
radiographs. Exposure and development times were 
controlled to give a film background density of 
2.0 + 0.1. 

Grade assignments for test specimens were based 
upon a consensus agreement of three interpreters. 
When interpretation differences exceeded two de- 
grees, radiographs were regraded. The reliability at- 
tained with the AZ-63 standards is reflected in an 
average agreement of 96.5 per cent within + one 
degree for 2,283 readings. Differences in agreement 
between interpreters are shown in Fig. 4. The ten- 
sile properties which follow depend on a + one de- 
gree tolerance in grading. 


DETERMINATION OF TENSILE PROPERTIES 


Since microshrinkage is an aligned defect in mag- 
nesium alloy castings it was of interest to determine 
the effects of orientation on tensile properties. Ac- 
cordingly, tests were conducted on one group of speci- 
mens in which the defect was aligned longitudinally 
to the principal axis of tensile bars and a second 
group in which it was aligned transversely. 

Six microshrinkage degrees were investigated in 
each group. Stress-strain curves were obtained for 
each specimen tested. Yield strength at 0.20 per cent 
offset was determined from these curves. 

Arithmetic means and their standard deviations 
were first determined (Table 1). While these ob- 
served means indicate a general decline in tensile 
properties with increase in microshrinkage degree, it 
can be seen from the standard deviations that the 
scatter between degrees is non-uniform. Individual de- 
gree means were obtained from small sample sizes 
(10 samples per degree). Since small samples are 
easily influenced by extreme values, better estimates 
of quantitative degree effects were sought from re- 
gression-correlation analyses using values for the total 
range of microshrinkage (degrees 1-6). 

From the general equation for a linear regression, 


y=at+b(x—x) (1) 
it is possible to predict values of y from values of 
x by calculating: 


a= Way 


b = 2—y) &—x) 
= (x—x)? 

a= 

N 
Letting x = any degree of microshrinkage, y = 
mean property value for the degree x from the data, 
N = 60, the regression line equations in Table 2 
were obtained. Analysis of variance of the data indi- 
cated that all properties except longitudinal yield 
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Fig. 4—Variance in readings from consensus assignment. 


strength are adequately represented by the straight 
lines which may be derived from these equations. 

The 95 per cent confidence intervals for regression 
coefficients in Table 2 confirm the adequacy of fitted 
straight lines in relating certain properties to the 
degree of microshrinkage. Longitudinal and trans- 
verse ultimate tensile strength, per cent elongation, 
and transverse yield strength are subject to a linear 
relationship. 

The regression coefficient for the longitudinal yield 
strength data is not significantly different from zero. 
In other words, here the regression-correlation analy- 
sis indicates no positive linear increase or decrease 
in longitudinal yield strength with increase in micro- 
shrinkage degree. 

The unexpected nonconformity of the longitudinal 
yield strength data to a linear regression may be 
attributed to a large scatter occurring in sampling. 
This is coupled with the apparently slight over-all 
differences in damage in the range of microshrinkage 


TABLE 1—MEAN TENSILE PROPERTIES AND SCATTER 











Ultimate Yield Str. Elongation 
Tensile Str. 0.20% offset in 2 in. 
Micro- Standard Standard Standard 
shrinkage Mean Deviation Mean Deviation Mean Deviation 
2.3 degree psi psi psi psi percent per cent 
Longitudinal Alignment 
1 36,750 °3350 16,800 *1100 6.3 °*2.0 
2 37,500 *1800 18,500 #1200 5.6 *0.9 
3 36,300 °2100 18,500 °1100 4.8 °12 
4 34,200 °2050 18,300 ©1250 3.8 *1.0 
5 32,600 ©2350 17,600 *1000 3.3 °0.6 
6 32,400 °2050 17,900 * 400 3.4 *0.8 
Transverse Alignment 
1 33,600 °3750 18,750 *1500 3.2 °1.4 
2 1,300 °3050 18,400 * 800 2.3 *0.9 
3 29,900 *2200 18,300 * 550 2.2 *0.8 
4 27,500 ©2150 17,650 ° 500 1.7 °0.4 
5 27,850 °2600 17,800 * 800 1.9 °0.7 
6 26,400 *1900 16,950 * 800 1.6 °0.4 


* equals plus or minus 





TABLE 2 — REGRESSION EQUATIONS AND 
CONFIDENCE INTERVALS 
Regression 
equation x = 95% confidence 


Micro-shrinkage _ interval, regression 
Alignment Property degree coefficient 


38,822 — 1106x — 1110 * 360 
17,765 + 76x + 80 * 180 








Longitudinal Ultimate tensile 
strength, psi 
Longitudinal Yield strength 


i 
J ongitudinal , per cent 6.75 — 0.63x — 0.63 * 0.18 
Transverse Ultimate tensile 34,297 — 1394x — 1390 * 400 
strength, psi 
Transverse Yield strength, 19,126 — 330x — 330 * 130 
psi 
Transverse Elongation, per cent 3.15 — 0.28x — 0.28 * 0.13 


* equals plus or minus 
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studied. There is little reason to believe that a curvi- 
linear relationship would be adequate. No quantita- 
tive degree assignment would be meaningful for 
longitudinally aligned microshrinkage since the over- 
all differences in damage are too small to identify 
with radiographic appearance. 

The calculated means shown in Fig. 5-7 indicate 
that the severity of damage in properties due to mi- 
croshrinkage is in descending order for the properties 
named. These properties are: elongation, ultimate 
strength, and yield strength. 

This relative order of damage has been noted by 
Busk, Marande and Newhams.’ They reported that 
the elongation of AZ-63 dropped from 15 per cent 
in sound test bars to 2 per cent in porous bars. 
Ultimate strength ranged from 41,000 to 17,600 psi, 
and yield strength from 13,500 to 11,500 psi. 

In general, longitudinal orientation of microshrink- 
age is less detrimental than transverse. The approxi- 
mate maximum reductions from longitudinal and 
transverse orientation, respectively, were: elongation, 
49 per cent vs 50 per cent; ultimate strength, 15 per 
cent vs 21 per cent; and yield strength zero vs 9 per 
cent. Transverse alignment results in a relatively se- 
vere notch effect leading to stress concentration. 
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Fig. 5—Mean ultimate tensile strength. 
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Fig. 6—Mean yield strength. 
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Tensile Properties of AZ-63 


A given amount of transversely oriented micro 
shrinkage results in a more reduced cross-sectiona! 
area for stress application. The greater damage fron 
transverse orientation may be due to either or bot! 
of these two factors. 

From the statistical standpoint regression means 
are to be found with a range; the greater the scatter 
in the population from which they are drawn, the 
greater this range. Thus confidence limits which fix 
the range of the means must be examined. To obtain 
confidence limits for those means found subject 
to a linear regression correlation, mean squared devi- 
ations of observed points from regression lines were 
calculated from: 


A 


= (yy — yi)? ( 


9° 


bo 


Has 
i 


and 





o = 3 (Yu — ys)? (3) 


where N = 60, the total number of observations, y\; = 
tensile property of j specimen at i microshrinkage 
degree, and y; = estimated tensile property (point on 
regression line) for i“ microshrinkage degree. 

Summation was carried out for j = 1, 2..., 10 and 
i=1,2..., 6. Then for a given microshrinkage de- 
gree, x;, confidence limits for the calculated mean 
value of a tensile property, y, was given by an in- 
terval centered at y; and parallel to the y-axis from 
the following equation: 


A 
A 

o 
yitt 


/ Neg 
VN-2 V l-s (x—x)? 

where N = 60, x = 3.5 and & (x—x)? = 175. Student's 
t = 2.00 for 95 per cent confidence limits with 58 de- 
grees of freedom was used. 

Confidence limits for the longitudinal yield strength 
mean were derived through determining first the 
standard deviation, 

_ (yi -Y?) x 

S= N=1 (5) 

where Y = grand average of all yield strength obser- 

vations, y; = yield strength of an individual specimen, 

N-—1 = 59. Then the 95 per cent confidence interval 
for the mean is obtained from, 
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Fig. 7—Mean elongation. 
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_ 
Y ma (8) 

Student’s t = 2.00 for 95 per cent confidence limits 
with 59 degrees of freedom was used. Confidence 
limits calculated in the statistical analysis are shown 


graphically in Fig. 5-7. 





Minima 
It may be predicted with 99.5 per cent confidence 
that tensile properties of an individual specimen at 
microshrinkage degree x will be greater than 
. Jae 7 
yi —to V N-2 (7) 


where o is obtained from equation (3) and t = 2.66 
for 58 degrees of freedom. For longitudinal yield 
A 


strength with o determined from equation (3), and 
t = 2.66 individual specimen yield strength at the 
99.5 per cent, confidence level will be greater than 
vv / 1 
Y ty 1+ N (8) 

Values calculated from these equations are the low- 
er confidence limits for an additional observation 
at degree x. Minimum tensile properties which they 
represent are shown in Fig. 8-10. 

These minima may be compared with requirements 
for AZ-63 in Federal Specification QQ-M-56. Material 
properties are related to separately cast test bar prop- 
erties. For specimens cut from castings, the require- 
ments are that the average ultimate strength, and 
average elongation of test specimens, shall be not 
less than 75 per cent and 25 per cent, respectively, 
of the value specified for separately cast test bars. 

There is no QQ-M-56 yield strength requirement 
for material cut from castings. However, the aircraft 
industry has in many instances established its own 
yield strength requirements based on 75 per cent and 
100 per cent of separately cast test bar yield strength. 
From Fig. 8-10, the materials which will meet the 
above requirements are as follows: 

Ultimate Strengths 

Degrees 1-6, Microshrinkage longitudinally 
aligned. 
Degree 1, Microshrinkage transversely aligned. 

Yield Strength 

When 75 per cent yield value applies—Degrees 
1-6 in both alignments. 





35 


Ter 
Lisi 











w 
°o 














TTT 
Li 





n 
a 









Lt 


SPECIFICATION MINIMUM 
ULTIMATE VALVE 


ie 











vr 





(eu 





a 


DEFECT LONGITUDINALLY DEFECT TRANSVERSELY 
ALIGNED » Ne § | 
| 
MATERIAL — CAST MAGNESIUM 
ALLOY -AZ-63 
CONDITION — HTA 
SPECIFICATION — QQ—-M- 


Sue 


J 6 ' 2 we 5 6 
MICROSHRINKAGE DEGREE 


Fig. 8—Ultimate strength minima, 99.5 per cent prediction. 
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When 100 per cent yield value applies—Degrees 

1-2, Microshrinkage transversely aligned. 
Elongation 

Degrees 1-4, Microshrinkage longitudinally 

aligned. 


CONCLUSIONS 

Microshrinkage in magnesium alloy AZ-63 is detri- 
mental to all of the tensile properties commonly used 
in acceptance criteria. It damages elongation severely, 
tensile strength moderately, and yield strength slight- 
ly. Transverse alignment reduces elongation and ulti- 
mate strength more than longitudinal alignment. Ana- 
molously, longitudinal alignment was found to be 
slightly more severe on yield strength. Therefore, it 
is apparent that microshrinkage in castings should be 
evaluated with respect to its orientation relative to 
service stresses. 

Reliable estimates of mean properties can be ob- 
tained through statistical analyses. Thus, fitted straight 
lines were found to be adequate in representing de- 
creases in ultimate strength, elongation and transverse 
yield strength with increase in microshrinkage degree. 
The 95 per cent confidence limits, within which the 
true means were found, vary with the scatter arising 
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from true radiographic assignment and inherent cast- 
ing material variations. This scatter was within tol- 
erable limits. 

There is now considerable arbitrariness involved in 
radiographic specifications limiting the degree of mi- 
(roshrinkage allowable for particular applications. In 
overcoming this the application of an adequate 
strength level for highly stressed areas requires one 
approach. The economic utilization of inferior grades 
of material where property requirements are not strin- 
gent requires another approach. 

In determining tensile property minima per de- 
gree, information needed in establishing realistic ra- 
diographic acceptance criteria for AZ-63 material has 
been provided. 

Basic machined material properties were sought in 
this investigation. The values are directly applicable 
to limited areas of a machined casting. They could 
be considered slightly low when applied to entire 
castings. Machined specimens exhibit slightly inferior 
properties compared with those containing the origi- 
nal casting skin. 

The fact that the properties presented are from 
machined material must be taken into account when 
they are used to evaluate the potential of entire 
casting areas. Section size should also be considered 


Tensile Properties of AZ-63 


in application of the values. The properties were ob- 
tained from 3/8-in. thick material. Differences may 
be expected from material thicker than 3/8-in. Sec- 
tion size, an important property determinant in sand 
castings, within practical limitations, is considered 
to affect properties in much the same manner as 
casting defects. 

The preparation of the radiographic Manual (NA- 
VAER-00-15PC-504) was a preliminary step taken 
toward the improvement of light alloy casting qual- 
ity standards. Quantitative data concerning the influ- 
ence of various defects are required as additional 
bases for this effort. The tensile property values pre- 
sented are intended to fill a gap now due to the 
lack of quantitative data for microshrinkage in mag- 
nesium alloy AZ-63. 
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THE USE OF OIL-BENTONE SAND FOR HIGHER QUALITY 
FINISH IN BRASS AND BRONZE CASTINGS 


By 


O. E. Johnson* 


This paper is presented as a comparative study of 
bentonite-water bonded sand as formerly used versus 
oil-bentone bonded sand as presently used for the 
past twenty months. This is a study and observation 
of the advantages and disadvantages of each, particu- 
larly of the oil-bentone sand as used by the author's 
company in its non-ferrous foundry regarding mix- 
ing, molding, shakeout, casting quality and cost. 

A brief description of the foundry, its layout, equip- 
ment, and type of castings produced might be helpful 
in visualizing methods used in preparing and using the 
oil-bentone sand under discussion. 

First, the company operates a captive foundry, 
semi-mechanized in operation, and containing four 
molding stations with overhead sand (Fig. 1). This 
sand is prepared in a muller, then discharged upon a 
conveyor. It then goes to an elevator where it is 
aerated and discharged into the molder’s hoppers. The 
molds are made on conventional jolt-squeeze machines 
(Fig. 2), where the completed molds are placed and 
lowered pneumatically for pouring (Fig. 3). The 
weights are raised and lowered pneumatically for 
pouring. All metal is melted in a lift coil 100 kw 
high-frequency furnace with a 70 size crucible. 

The flasks used are steel, 11 x 18 in., with 3-in. 
cope and 3-in. drag. Other flasks used are 12 x 16 
in. with 3-in. cope and 3-in. drag. 

Metal poured per mold averages 6 lb, gross. The 
average casting is 12 pieces to the lb. All castings are 
polished, buffed, and lacquered. Many castings are 
also plated. No visible defects are accepted on sale- 
able castings. The line manufactured is builder’s hard- 
ware. All foundry operations are performed in an 
area of 4,900 sq. ft. 

Clay-water bonded sands are still being used by 
most foundries, and in the future they probably will 
continue to be used. Their use is well understood, and 
each foundryman has his particular mix or mixes that 
have given him satisfactory casting quality. It is not 
the purpose of the writer to go into the merits of 
these, but rather to discuss what has been done with 
oil-bentone sand by the author’s company. 

Many sands may be used depending on the finish 
desired, but they must be of the washed and dried 


*Foundry Foreman, The H. B. Ives Co., New Haven, Conn. 
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variety. In this type of bonded sand, water, clay, or 
volatile materials are to be avoided. Water has al- 
ways been a necessary evil in molding sand. Oil-ben- 
tone sand does not use water; therefore permeability 
becomes less of a factor. There are less gases evolved 
in pouring of oil-bentone sands. Sand fineness can be 
increased to the point where it is difficult or impos- 
sible to remove clay or silt (about 180 AFS). 

Molds may be rammed harder with no danger of 
scab or wash, giving a more accurate mold cavity 
and a closer tolerance in casting dimensions. Due to 
the absence of water, fluidity of the metal is in- 
creased. The chilling effect of water is eliminated. 

This may create a shrinkage problem. Shrinkage is 
not increased, but becomes more visible because a 
thinner skin on the casting allows the shrinkage to 
become surface rather than internal in nature. A 
change in gating or risering may be necessary in some 
cases. 

Surface finish is more easily maintained with the 
oil-bentone sand. This is not meant to infer that good 




















Fig. 1—View of the 4-station molding bay. 
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finish is unobtainable with clay-water bonded sand, 
only that the author’s company is able to produce a 
consistent good quality of finish now. The finish pro- 
duced formerly was not consistently good. 

Since the adoption of oil-bentone bonded sand, ex- 
tra wheel operations and repair operations in the pol- 
ishing department have been greatly reduced. Prior 
to its use they were frequent enough to be considered 
standard. 

This sand seems to have better ability to flow or to 
conform to pattern contour than the sand formerly 
used, It is felt that the casting finish now is as good 
as in shell molding, with the advantage of being able 
to use standard foundry equipment and methods. 

While the bonding and wetting materials are more 
expensive, they are not as expensive as the materials 
used in shell molding, and the sand has the advan- 
tage of being reusable. It is not even necessary to 
remull after each use, aerating being adequate. 

However rebonding should be done in the muller. 
As to the rebonding process, it is difficult to be spe- 
cific as to frequency or amount of new bonding ma- 
terial to use. The ratio of sand in the mold te the 
volume of metal poured, plus metal temperature plus 
time allowed before shake-out, determine the amount 
of bond and the frequency of rebonding. As long a 
time as is practical between pouring and shake-out 
is advantageous, as the oil has a chance to recondense 
in the sand rather than be drawn off by the exhaust 
system as vapor. 

Hot sand does not seem to be a problem. It does 
not stick to the plate, provided no wax is present. 
There has been no tendency to wash or scab regard- 
less of mold hardness. It is a bit more difficult to move 
in the system, but by reducing the amount of sand to 
be moved, as temperature is no problem, the moving 
of the sand becomes less difficult. 

As far as records and methods of testing the sand 
are concerned, the writer believes that the user of 
oil-bentone bonded sand must determine for himself 











Fig. 2—Molds are placed on a roller conveyor for pouring. 
Weights are handled pneumatically. 





the proper hardness, permeability, green strength, aid 
dampness. No water being present, permeability be- 
comes less important. Oil instead of water complicates 
determining moisture content. The feel and response 
of the oil-bentone sand is quite different from clay- 
water sand. 

It is practical to use at an apparent green strength 
unthinkable with clay-water sand; for example, 3 |b 
green strength. Also, 8 to 9 lb green strength is the 
maximum practicable to obtain. This strength is not 
necessary and makes molding more difficult. It seems 
to have more ability to be compressed than clay-water 
sand. Green strength of 5 lb and mold hardness of 
75 will make most jobs, give a fine finish, and close 
dimensional tolerance. 

The bonding method is well described by the man- 
ufacturer. To repeat briefly, all measured amounts 
should be accurate by weight and washed, and dried 
silica sand, fineness as desired. Dry bond is added, 
and it is put in the muller. Oil is added immediately, 
and mulled for 2 min. Ethyl or wood alcohol is added 
and it is mulled until the sand is ready to use; that is, 
until the oil-bond-alcohol reaction has taken place. 
This is usually within 6 or 8 min. after adding alcohol, 
with the high-speed muller. In bonding, the muller is 
a must. 

At the author's company there is no laboratory or 
a man responsible for compiling sand or metal data. 
However, there is equipment for testing mold hard- 
ness, green strength, permeability, and moisture. Two 
sands are used—one with a grain fineness of 155 AFS; 
the other about 190 AFS. 

Using the 155 sand and adding 3.5 per cent ben- 
tone, 2.5 per cent oil, and 1 per cent ethyl alcohol, 
mulling as described, the figures A in Table 1 were ob- 
tained. Using the 190 sand and adding 4 per cent 
bentone, 3 per cent oil, and 1.5 per cent alcohol, mull- 
ing as before, the figures B in Table 1 were obtained. 

The writer feels that it is fair to conclude that al- 
most any desired green strength may be obtained by 






Fig. 3—Metal is melted in a lift-coil 100 kw high frequency 


furnace. 
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TABLE 1—SAND MOLD HARDNESS, GREEN STRENGTH, 
AND PERMEABILITY, 155 SAND 








Mold Green 
Hardness Strength Permeability 
70 5.5 20-25 
P 85 8.5 12-16 
80 8.5 12-16 
4 90 13.0 10 





increasing mold hardness and varying the amounts of 
oil and bentone. Permeability decreases as mold hard- 
ness or oil increases. However, permeability is not 
an important factor with oil-bentone sand. The writer 
further feels that while these figures may serve as a 
guide in starting to use this type of bonded sand, in 
the final analysis each foundryman must develop that 
sand and procedure which best fits his needs and 
equipment. 

Rebonding, ideally, in the writer’s opinion, should 
be done by adding small quantities of oil, bond and 
alcohol to each muller load. However, rebonding is 
not done in this manner. A green strength of 8 lb is 
obtained. This is allowed to reduce by use to about 
3 lb green strength, then approximately 15 per cent 
of the original amount of oil is added to bring up the 
moisture content. 

It is then allowed to become weak by use again, at 
which time about 20 per cent of oil, bond and alcohol 
are added, bringing the sand back to 8 lb green 
strength. This requires somewhat longer than the reg- 
ular mull cycle, but about 25 per cent of the bonding 
cycle. 

Certain precautions should be taken. First, the mull- 
er door, if it is the enclosed type, should be left open 
after the alcohol has been added. This is explosive as 
well as toxic. No smoking or fire should be allowed 
near the muller during bonding or rebonding. The 
alcohol should not be allowed to remain in the plant 
except during use. 

No further hazards are encountered until the poured 
molds reach the shakeout. Here the molds must not 
be shaken out until the castings have cooled to a 
temperature where the oil vapor will not ignite, other- 
wise a flash fire will occur. The shakeout should be 
hooded and ventilated to remove the smoke and vapor 
released. No other hazards have been encountered. 

Bentone is a dry powder, produced from bentonite 
by a chemical conversion. It is combined with metal 
oxides for use in the foundry. In fineness it compares 
with bentonite. Its ability to combine with oil to pro- 
duce a bonding action with sand makes it ideal for 
use in formulating foundry molding sand. 

The oil used is a gulf coast oil with a viscosity of 
100 at 100 F. It is similar to a flushing oil, and has a 
high flash point. It is obtainable at any oil company. 
The alcohol must be ethyl or wood. No substitutes, to 
the writer's knowledge, are acceptable. 

The following figures, taken from the accountant’s 
records, covering the year 1955 (the year clay-water 
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bonded sand was last used) and 1957 (the first com- 
plete year oil-bentone sand was used) are presented 
for the consideration of the reader. It has been found 
that the oil-bentone sand costs 1.65 cents more per 
Ib of good castings produced. 

This added expense can be justified because of the 
use of castings which require a highly finished surface. 
Approximately two-thirds of all castings produced are 
by tumbling methods. The better surface and the 
thinner skin now obtained allowed a reduction in the 
tumbling cycle by one-third, thus increasing the po- 
tential capacity by 50 per cent. 

Unfortunately, the need for this added capacity 
cannot presently be foreseen, therefore, a savings has 
not been calculated, for unless volume unexpectedly 
increases, the savings will not be realized until exist- 
ing equipment needs replacement. 

The other third of the castings produced are fin- 
ished by hand polishing methods. This is where tang- 
ible cost savings have been realized. The cost records 
for 1957 (the oil-bentone sand period) indicate sav- 


_ ings in polishing labor and other direct costs (exclud- 


ing all fixed overhead costs) amounting to 14 times 
the additional foundry costs. These data were comput- 
ed by comparing years 1955 and 1957 on the cost per 
Ib of good castings basis. 

It would be erroneous to assume that the new sand 
procedure should have the entire credit for this sav- 
ings. For, as the comparison necessarily embraces a 
three-year period, several other changes of a technical 
and supervisory nature also occurred during this time. 
It is believed, however, that at least half of this im- 
provement can be directly attributed to the use of 
oil-bentone bonded sand. Therefore, the author’s com- 
pany feels justified in continuing the use of this sand. 

Somewhat in the form of a bonus for the company, 
it is easy to use. It gives a consistently fine finish and 
closer tolerances. It peels almost completely from the 
castings, and uses far less new sand additions. It needs 
no special equipment, is easier to control (in the 
writer's opinion), gives a thinner skin to the castings, 
and aids the metal in filling the mold cavity because 
of a lesser chill effect. 

The decision to use this sand was made with some 
hesitation because it meant a complete discarding of 
the clay-water bonded sand and replacing it with oil- 
bentone bonded sand. It further was felt that at least 
one year's trial was necessary to get as accurate an 
appraisal as possible of its benefits, costs, and other in- 
formation. 

The writer feels that without a competent cost ac- 
countant and cost system with accurate records, this 
report would not have been possible. 
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DUST PIPING MODIFICATIONS TO PREVENT 
MATERIAL BUILDUP AND WEAR 


By 


R. C. Ortgies* 


In modern industrial plants, equipment manufac- 
tured by numerous companies is blended together 
to perform as a single unit to produce an end prod- 
uct. Each of the components must of necessity be of 
the highest quality and workmanship, precision man- 
ufactured, and designed for a minimum amount of 
maintenance. This was achieved through: 1) Research, 
2) Engineering, 3) Field application data, 4) Material 
selection, and 5) Manufacturing techniques acquired 
through years of experience. 

Such a combination occurs in foundries, particu- 
larly in sand handling and shakeout systems, abra- 
sive cleaning, polishing and grinding stations. All 
foundries are dust control conscious; therefore, suit- 
able equipment has been installed to prevent contam- 
inants from being discharged to the working area and 
to the atmosphere. The main link between the man- 
ufacturing equipment and dust control is the dust 
piping system. 

During the past 20 years and more, little or no 
improvement has been made in the dust control 
piping system except for the following: 

1. Standardization of gauge thickness of metal piping. 

2. Design specifications for hooding at conveyor trans- 
fer points, enclosures, etc. 

3. Minimum and maximum velocities through hood 


openings. 





"Staff Engineer, American Air Filter Co., Louisville, Ky. 
SLOTS 3 CIRCUMFERENCE 
120° 














AOD 10% TO VOLUME 


REGULAR ELBOW 


Fig. 1—To eliminate plugged elbows cut 1/4-in. slots in the 
outer surface for a maximum of 120 degrees. A minimum of 
three slots are required for a 90 degree elbow. 
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4. Standardization of conveying velocity requirements. 
5. Standards for calculating air volumes and duct re- 
sistance. 

Too often the main concern of engineers in the 
dust control field, as well as the fabricators and in- 
stallers of the duct work systems, is to comply with 
good piping practice which consists of proper sizing 
of all ducts, the use of long radius elbows, proper 
location of branch pipes to the main ducts, and pro- 
vision of cleanout doors and blast gates to regulate 
air flow. However as dust loads increased with high- 
speed production, it became apparent many foundries 
did encounter wear at elbows due to heavier dust 
loads, plugging due to moisture, and plugging from 
handling materials of a tacky nature due to impreg- 
nation with grease or other materials. 

A dust piping system to be effective for today’s re- 
quirements must have, in addition to compliance 
with fixed regulations, elbows which eliminate wear 
and plugging; duct connections which are readily 
removable. A system must be designed to eliminate 
plugging where moisture laden air and dust is han- 
dled. In many applications corrective measures should 
be taken where material which is semi-fluid or greasy 
is carried in the air stream. Proper placement of duct 
connections with large transitions is desirable. 

Some 10 years ago introduction of the flat-sided 
elbow was an initial step toward helping the abrasive 
problem (same as Fig. 2 except for slots). For ex- 
treme dust loads the wearing side was rubber lined 
in some cases. 

Duct modifications to decrease maintenance and 
corrosion which have been proved in the field in 
foundries and allied industries are as follows: 


ELBOWS 

When abrasive, semi-fluid, greasy, or moisture-laden 
air and dust pass through an elbow, the dust is forced 
to the outer surface by centrifugal force. If abrasive, 
holes soon appear. If moisture and dust, a plugged 
elbow results. To eliminate or reduce these effects, 
it is necessary to prevent the material from making 
contact with the outer surface. This can be accom- 
plished by saw cutting 1/4-in. slots in the outer 
surface for a maximum radius of 120 degrees. A mini- 
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R. C. Ortgies 


mum of three are required for a 90 degree elbow 
(Fig. 1) placed at 15, 45, and 75 degrees, respectively. 

The indraft air raises and deflects the dust prevent- 
ing contact with the outer perimeter of the elbow. 
Where flat-sided elbows are used, the above procedure 
is carried through on the outer flat plate only (Fig. 2). 
Additional air required to compensate for slots is 
approximately 10 per cent of volume passing through 
each elbow for small diameter pipes, with lesser per- 
centage for larger sizes. While volume through slots is 
a function of the total pressure in the ducts and the 
duct diameter, it will approximate an additional 10 
per cent of the exhaust volume. 


SAND MIXER VENTILATION 


Where moisture laden air and dust is vented from 
a process such as a sand mixer in a foundry to a 
central or individual dust control system, plugging 
of ducts often occurs. This generally occurs at hood or 
enclosure duct connections and elbows in the branch 
line. Continual cleaning of such ducts can be reduced 
or eliminated by bleeding in room air at a point above 
the hood (Fig. 3). If a 7-in. pipe is required for 
efficient ventilation, a flanged duct 9 in. in diam- 
eter should be used for the bleed-in method. The 7- 
in. duct should extend into the larger pipe a minimum 
of 6-in. 

This concentrates the moist air from the hood 
through a column of relatively dry air. Since no con- 
tact is made with the pipe, plugging is retarded or 
eliminated. Eventually, mixing occurs and in some 
instances the bleed-in method must be repeated. It 
is advisable to use the slotted elbows in conjunction 
with this system wherever turns must be made in the 
duct line. In most instances one elbow is all that is 
required before entering the header pipe. Approxi- 
mate air volume requirements are 25 per cent of 
original volume calculated. To facilitate cleaning of 
the short riser, it is suggested that construction should 
provide means for easy fast removal. Use larger round 
tapered 45 degree transitions wherever possible. 


AERATOR VENTILATION 


Where moisture content and dust loads are not too 
severe, a system where lesser quantities of bleed-in 
air are required can be installed. By placing 1/4-in. 
slots around the circumference of the branch pipe 
using three 90 degree open areas, the bleed-in air 
through the pipe will help eliminate plugging of the 
duct (Fig. 4). The remaining three 30 degree uncut 


A+ 


CUT AREA 
Fig. 4—By placing 1/4-in. slots 


30° 30° 
around the circumference of the . pg 


branch pipe using three 90 degree 90° 


open areas, the bleed-in air will a . 
help eliminate plugging of the SECTION A-A, 


duct. 
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areas are retained to steady the pipe. A second row 
of slots spaced 2 or 3 ft beyond the initial set is 
helpful for more severe cases. The slotted opening 
should then be rotated 30 degrees for best results. 
Ten per cent of duct volume for each row of slots 
is the usual requirement. 
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Fig. 2—When flat-sided elbows are used, cut slots through the 
outer flat plate only. 





-- USE SLOTTED ELBOW TO MAIN DUCT 


” REMOVABLE DUCT FOR EASY 
CLEANING 


we AIR FLOW 


a | 
a _ oe 


= — 




















ADD 25 % TO VOLUME 














NS w~ 
N 
MIXER VENTILATION 


Fig. 3—Continual cleaning ducts of a central dust control sys- 
tem can be reduced or eliminated by bleeding in room air at 
a point above the hood. 
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ELEVATORS 


Elevators, because of their height, often are victims 
of improper placement of duct connections. A com- 
mon error is to install the ventilation duct on the 
head of the elevator discharge chute. 

An elevator operating at maximum capacity gen- 
erally throws the sand past the duct. It is only logical 
that large quantities of sand will be drawn into the 
dust control system with the exhaust air. Plugging 
and excessive pipe wear results. Heavy concentrations 
from improper location is often a factor where slurry- 
ing is encountered in wet-type collector sludge tanks. 

The proper choice is either the si le or top connec- 
tion. In replacing belts the top connection usually 
interferes and must be disconnected. Too often the 
temporary removal becomes a permanent feature re- 
sulting in complete loss of contact at this point. A 
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Fig. 5—Basic dimensions for proper side plenum. 
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ROTARY SCREEN VENTILATION 
CORRECT & INCORRECT & USEFUL TIPS. 
Fig. 6—A large transition reduces velocity and eliminates sand 
carry over. r 
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SAND BIN VENTILATION 


Fig. 7—Proper foundry venting by a stub stack overcomes con- 
densation formation in bins. 


Dust Piping Modifications 


simple slip joint can be used to advantage to reduce 
time and cost of replacement. Many of the newer 
foundries are using side connections as this causes no 
interference with elevator repair work. Basic dimen- 
sions for proper side plenum are shown in Fig. 5. If 
hot or steaming sand is encountered and excessive 
condensation is occurring, causing plugged ducts, the 
muller type of connection, Fig. 3, used in conjunction 
with slotted elbows usually eliminates entirely or re- 
duces this branch pipe difficulty. 


ROTARY SCREENS 


Rotary screens, as a general rule, are hooded fair- 
ly close by the manufacturers to the rotating drum. 
Too often the venting duct connection is made with- 
out the use of transitions. If provided, they generally 
are too small to obtain maximum dust control without 
carry over of valuable sand to the collector. Sand 
clinging to the screen when passing the duct is car- 
ried away by the high velocity air movement. Exces- 
sive duct wear and plugging results. Heavy dust loads 
to collectors which causes excessive maintenance can 
be traced to improper connections. 

A large transition of the type as shown in Fig. 6 re- 
duces velocity and eliminates sand carry over. Where 
it is desirable to remove fines, louvres installed in 
the hopper section aid in this respect. These should 
be adjustable (Section “AA” Fig. 6). Where hot 
steaming sand is encountered and branch pipe plug- 
ging occurs the use of air shield systems in combina- 
tion with slotted elbows are aids to be considered 
to eliminate this malfunction. 


SAND BIN VENTILATION 


Bin ventilation standards have been established and 
are in general usage today. Little has been written 
on methods to prevent condensation during shutdown 
periods. With sand system and dust control units in 
operation the bins are under a negative pressure. 
Extreme cold, damp, or humid influx of air causes 
condensation to form within the bin. This can be 
overcome by venting to the foundry proper by the 
use of a stub stack (Fig. 7). Conditions within the 
foundry at top of sand bin tower approximate those 
within the bins more closely than outside temperatures 
and weather. Vent should be equipped with sloping 
guard and inlet screen. Where production has in- 
creased the sand cycle hot sand results. Conditions 
are then more difficult than where bins of ample ca- 
pacity are used. Satisfactory results have been ob- 
tained by doubling the amount of stub vents and 
utilizing the muller type of connections. 

This discussion deals primarily with foundry appli- 
cations where each of the six methods shown has 
been successfully used. 

Other industries having similar problems, could cut 
their maintenance labor and duct replacement costs 
by intelligent use of similar exhaust system modifica- 
tions. 

Piping must be kept clean and free from all ob- 
structions if the system is to contribute to the health 
and welfare of production workers, reduce fire haz- 
ards, and lower maintenance costs both to machinery 
and the collector proper. 
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PACKING CHARACTERISTICS OF TYPICAL FOUNDRY SANDS 


By 


L. J. Pedicini* 


The previous papers of this symposium have de- 
scribed the laws governing the compaction of small 
particles and to what extent single sieve fractions of 
foundry sands comply with these laws. This paper 
deals with the compaction of some typical foundry 
sand distributions. Table 1 lists the 11 sands included 
in this study. They were selected solely on the basis 
of availability at the time. However, they cover a 
rather broad range of finenesses and distributions, 
as shown in the sieve analyses listed in Table 2. 


VIBRATED DENSITY — DRY SAND 
The dry density of each sand was determined by 
vibrating one quart of the material for 45 sec. The 


*Head, Metal Castings Laboratory, General Motors Process Development 
Staff, Detroit. 


TABLE 1 — TYPICAL FOUNDRY SANDS STUDIED 





FS =— S 
A is- 
Fine-__ tribu- cific® 





Name Type ness tion Gravity 
Lk. satnges Subang 51.4 4 2.61 
ake 

2. Silica No. 60 Round, Subang 34.4 2 2.63 

3. Wedron No.8 Aug. Subang 111.2 8 2.65 

4. Wedron Aug. Subang 144.4 3 2.63 

No. 10 

5. Juniata Shell Aug. Subang 116.3 4 2.56 

6. Zirconite Aug. Subang, 118.7 2 4.76 
Round 

7. Wedron No.2 Subang 51.7 8 2.63 

8. Vassar Bank Aug. Subang 94.2 8 2.60 

9. St. Marie Shell Aug. Subang 117.5 4 2.65 

10. Penn Glass Aug. Subang 141.7 5 2.61 

11. Manley Silica Aug. Subang, 160.8 5 2.63 
Comp. 


°Experimentally determined 








— a od sili 


Fig. 1—Equipment used for vibrated density determinations, 
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equipment used is shown in Fig. 1. It consisted of a 
standard one-quart container which had been fitted 
with a sleeve that extended 1-1/2-in. above the top 
of the container. 

The sand was dumped into the container to the 
level of the top of the sleeve. The container and its 
contents were then placed in the vibrating fixture 
and vibrated for 45 sec. A one-in. pneumatic vibrator 
was used. After the vibration, the sleeve was removed 
and the sand was struck off level with the top of the 
container. The tared weight of the sand was recorded 
for the density calculations. Averages of five tests are 
recorded as the vibrated dry densities in Table 3. 

It should be noted that all densities in this paper 
are expressed as percentages of the experimentally 
determined specific gravities as shown in Table 1. 

It was determined that the vibrated dry densities 
of the sands studied were all within + 10.3 per cent 
of the theoretical orthorhombic packing (60.45 per 
cent solids). The deviations from the theoretical can 
be attributed to imperfect packings, grain shapes, 
light and/or heavy impurities, grain size distribu- 
tions, and experimental error. However, it can be 
assumed that most foundry sands will approximate 
orthorhombic packings, at least in the dry state. 

Further study of the data indicate that coarser 
sand, as defined by the AFS fineness number, packs 
to greater density than finer sands. This is shown 
graphically in Fig. 2. 


RAMMED DENSITY — DRY SAND 


The rammed densities of the 11 test sands were 
determined for 1, 5, 10, 15, and 20 rams using the 
standard AFS equipment and procedure.* The density 
calculations were only approximations based on the 
weight of sand in a 2-in. x 2-in. diameter specimen. 
The results are shown with the vibrated dry densities 
in Table 4. This data follows the same general trend 
as shown in Fig. 2 for vibrated densities. 

It is interesting to note that only four of the sands 
(2, 7, 8, and 10) attained higher densities at 20 
rams than were attained by vibration. Moreover, only 
sand No. 7 attained a significantly higher density by 
ramming. 





*The procedure is described on pp. 21 and 22 of the Founpry 
Sanp Hanpsoox, American Foundrymen’s Society, Des 
Plaines, Ill. 
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TABLE 2 — SIEVE ANALYSIS OF SANDS TESTED 
Per Cent Retained on Screen for 11 Sands Tested 4 

U.S. Sieve No. 1 2 8 4 5 6 7 8 9 10 ll 

20 0.22 ~ _ a _ - _ _ - — 

30 2.68 5.40 _ - _ _ _ _ — _ 

40 13.70 59.90 — - — oo 0.62 _ _ ~_ 

50 33.22 27.56 = _ 1.52 — 34.12 1.86 3.00 1.60 1.08 

70 31.20 5.08 2.80 _ 4.82 0.32 48.50 8.04 5.18 9.08 6.42 
100 12.28 1.30 20.40 3.54 20.34 4.00 15.02 35.62 . 14.08 16.78 12.46 
140 3.34 0.54 50.54 35.60 35.04 47.56 2.26 35.40 36.62 22.86 21.18 
200 1.42 0.22 18.68 35.28 23.50 46.98 - 12.74 26.38 19.50 20.38 
270 0.72 _ 7.50 19.38 11.00 1.24 = 3.88 10.04 15.40 17.88 
Pan 0.76 _ 1.96 5.90 2.58 0.04 ~ 0.76 2.58 14.44 20.08 
% of Clay 0.32 _ _ oa _ — 0.92 , 1.42 —_ _ 
AFS Fineness 51.4 34.4 111.2 144.4 116.3 118.7 51.7 94.2 117.5 141.7 160.8 





RAMMED DENSITY — SAND WITH 2 PER CENT 
MOISTURE 


Table 5 shows the effect on rammed density of 
adding 2 per cent moisture to the 11 sands under 
consideration. Here again the relationship of density 
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VIBRATED ORY DENSITY 
AS PERCENT OF SPECIFIC GRAVITY 


TABLE 3 — VIBRATED DENSITIES OF DRY SANDS 








AFS Vibrated* 

No. Name Fineness No. Dry Density 
1 Muskegon Lake 51.4 66.7 
2 No. 60 Silica 84.4 65.4 
8 Wedron No. 8 111.2 63.7 
4 Wedron No. 10 144.4 63.4 
5 Juniata Shell 116.3 62.6 
6 = Zirconite 118.7 62.2 
7 Wedron No. 2 51.7 61.9 
8 Vassar Bank 94.2 61.5 
9 St. Marie Shell 117.5 60.8 
10. ~—~ Penn Glass 141.7 57.4 
11 Manley Silica 160.8 56.2 


*Densities expressed as percentages of specific gravity 





to GFN follows the general trend of Fig. 2. As might 
be expected, the densities are consistently lower (2.6- 
8.0 per cent) than attained by ramming the sands 
in the dry condition. It should be noted that this 
technique is considerably different from that report- 
ed previously by Heine and Seaton,* and the results 
are therefore different. By compacting their sand 
samples in an excess of water they noted a substantial 
increase in density. 


RAMMED DENSITIES OF BONDED SANDS 


For the next series of tests the 11 sands being 
considered were mixed with 5 per cent western ben- 





*R. W. Heine and T. W. Seaton, “Density of Sand Grain 
Fractions of the AFS Sieve Analysis,” MopERN CasTINGs, 
Feb. 1958, pp. 62-67, and Transactions, AFS, Vol. 66, 
1958, pp. 40-45. 
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Fig. 3— Green compressive tie” vs. density at different 
ramming levels. 


TABLE 4 — RAMMED DENSITIES OF DRY SANDS 





Densities of 11 Sands Tested 








Rams 1 2 8 4 5 6 " 8 9 10 ll 
1 61.1 61.1 58.6 58.7 58.9 58.3 61.4 58.3 56.2 52.1 51.3 
2 61.9 62.0 59.0 59.2 _ 59.0 = 58.6 - 52.6 51.9 
3 62.4 62.6 59.4 59.7 — 59.4 = 58.9 - 53.2 52.4 
4 62.8 63.1 59.7 60.1 _ 59.9 ~ 59.1 — 53.6 52.8 
5 63.2 63.5 60.1 60.5 59.7 60.0 62.8 59.4 57.2 54.0 53.1 

10 64.5 64.9 61.9 61.6 60.5 60.8 64.1 60.4 58.4 55.6 54.3 

15 65.3 65.5 62.8 62.5 61.4 61.5 64.9 61.1 59.5 56.5 55.1 

20 65.5 65.7 63.0 63.1 62.4 62.0 65.3 61.8 60.6 57.5 55.7 

Vibrated 66.7 65.4 63.7 63.4 62.6 62.2 61.9 61.5 60.8 57.4 56.2 
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L. J. Pedicini 
TABLE 5 — RAMMED DENSITIES OF SANDS WITH 2 PER CENT MOISTURE 
Densities of 11 Sands Tested 

Rams 1 2 3 4 5 6 7 > 8 9 10 ll 
1 58.9 57.2 55.5 55.4 55.0 57.8 56.6 54.9 52.8 47.7 47.0 
5 59.4 59.0 56.9 57.2 56.9 58.8 58.4 56.7 54.4 49.9 49.2 
10 60.5 60.0 58.0 58.2 57.8 59.4 59.7 57.8 55.3 51.4 50.3 
15 61.1 60.8 59.1 59.2 58.4 59.9 60.3 58.6 56.0 52.1 51.2 
20 61.7 61.6 59.7 59.9 58.9 60.4 60.8 58.9 56.7 52.9 51.9 





TABLE 6 — RAMMED DENSITIES OF SANDS WITH 5 PER CENT WESTERN BENTONITE AND 3 PER CENT MOISTURE 





Densities of 11 Sands Tested 








Rams 1 2 cS) 4 5 6 7 8 9 10 11 
1 53.7 54.0 51.6 55.2 52.3 47.5 54.7 51.7 50.1 46.4 45.8 
5 56.5 56.2 54.5 56.0 54.5 52.5 56.5 54.3 52.3 48.6 48.6 

10 58.0 57.4 55.8 56.7 55.8 54.6 57.6 55.8 53.9 50.4 49.9 

15 58.9 58.2 56.6 57.6 56.5 55.3 58.4 56.5 54.9 51.3 50.6 

20 59.5 58.9 57.3 58.2 56.9 55.7 59.1 57.0 55.6 52.0 51.3 





tonite and 3 per cent water by weight. Table 6 shows 
the rammed densities. Again, as might be expected, 
the densities are lower than those of the dry sand or 
the sand with 2 per cent moisture. The No. 6 sand 
particularly was affected by the addition of the bond 
material. Its density was reduced by 7.1 per cent at 
the 20 ram level. 


GREEN PROPERTIES OF BONDED SANDS 


The mold hardness, green compressive strength, and 
permeability were recorded at each ramming level as 
well as the density. These data are compiled in Table 
7. Many efforts to establish definite relationships be- 
tween these properties and GFN indicated an insuffi- 
cient data. However, the graphs in Fig. 3, of green 
compressive strength vs. density at the different ram- 
ming levels, indicate the tremendous effect of the 
raw sand on green strength. 

This effect can be attributed to the average grain 
size, grain-size distribution, grain shape, and surface 
condition of the sands. In many foundry applications 
a high green strength, low density sand is ideal. The 
low density would tend to resist the expansion type 
of defect. Moreover, the permeability associated with 
the low density would provide adequate venting. 

Figure 4 shows graphs of permeability vs. GFN for 
two density levels. These graphs depict a relationship 


SOO 
aie Pa 54% SPECINC GRaNTY 
= 56% SPECIFIC GRAVITY 
Fig. 4—Permeabil- 
e ity vs. GFN for 
two density levels. 
200 
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TABLE 7 — PROPERTIES OF SANDS WITH 5 PER CENT 
WESTERN BENTONITE AND 2 PER CENT MOISTURE 








2 E 
PA 2 3 2 
: é ¢ & E FI a E 
a Q = ©) a Q x ©) Aa 
Sand No. 1 Sand No. 2 
1 53.7 85 8.2 180 54.0 80 5.3 490 
5 56.5 90 11.9 135 56.2 7.2 390 
10 58.0 92 13.8 115 57.4 89 9.1 340 
15 58.9 93 16.6 99 58.2 10.2 300 
20 59. 94 18.5 90 58.9 91 11.7 280 
Sand No. 3 Sand No. 4 
1 51.6 86 7.7 55.2 83 §.2 33.5 
5 54.5 90 12.2 35.0 56.0 90 11.4 23.0 
10 55.8 92 14.4 29.8 56.7 93 14.7 18.4 
15 56.6 92 16.7 26.2 57.6 94 16.9 16.0 
20 57.3 93 18.7 58.2 95 18.7 14.5 
Sand No. 5 Sand No. 6 
1 3 89 8.5 5.0 47.5 85 8.3 63.0 
5 54.5 92 13.9 34.5 52.5 91 17.6 22.4 
55.8 93 17.8 28.5 54.6 92 18.7 15.7 
15 56.5 94 18.7 26.4 55.3 93 18.7 13.7 
9 94 18.7 24.2 55 95 18.7 12.7 
Sand No. 7 Sand No. 8 
54.7 80 5.1 200 51.7 84 9.3 63.2 
5 56.5 85 6.7 159 54.3 92 12.7 41.0 
57.6 89 8.7 132 55.8 94 18.7+ 33.0 
15 58.4 90 10.2 115 56.5 94 18.7+ 29.6 
59.1 91 10.8 107 57.0 95 18.7+ 27.6 
Sand No. 9 Sand No. 10 
1 50.1 86 7.8 46.0 46.4 80 4.9 41.0 
5 52.3 90 11.7 34.0 48.6 86 7.1 31.6 
10 53.9 93 15.3 26.5 50.4 90 10.6 24.0 
15 54.9 94 18.7 22.2 51.3 92 12.4 21.8 
20 55. 95 18.7+ 21.0 52.0 93 14.7 18.6 
Sand No. 11 
1 45.8 83 7.1 33.0 
5 48.6 90 10.4 22.8 
10 49.9 92 14.9 18.8 
15 50.6 94 16.6 17.0 
20 51.3 95 18.5 14.8 





TABLE 8 — RELATIONSHIP OF PERMEABILITY TO 
GRAIN FINENESS NUMBER 


Sand AFS Avg. Part. Perm. At Perm. At 
Name No. No. Size,mm 54% Sp.Gr. 56% Sp. Gr. 








Muskegon 

Lake 1 51.4 0.30 175 143 
No. 60Silica 2 34.4 0.495 490 396 
Wedron No.8 3 111.2 0.135 87 29 
Wedron 

No. 10 4 1444 0.105 54 24 
Juniata Shell 5 116.3 0.130 85 27 
Zirconite 6 118.7 0.125 17 12 
Wedron No.2 7 51.7 0.30 217 169 
Vassar Bank 8 94.2 0.16 48 82 
St. Marie 

Shell 9 117.5 0.125 26 19 
Penn Glass 10 141.7 0.105 10 8 
Manley 

Silica ll 160.8 0.095 5 0 
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TABLE 9 — PROPERTIES AT 10 PSI GREEN The overall effects of the raw sand on the green 
COMPRESSIVE STRENCTH properties of a molding sand are shown in Table 9. 
AFS ey No. of vty The relationships between GFN, hardness, density, 
No. __No.__%Sp.Gr._Rams__ Hardness _ Permeability and permeability are shown at a green compressive 
1 51.4 55.3 3.0 87.8 155 strength of 10 psi. Moreover, the number of rams 
2 site oy — Prt = required to produce this green strength is shown. 
4 1444 55.6 2.5 86.5 28 
5 1163 52.9 1.9 89.6 40 CONCLUSIONS 
: a =< as ie a. The only conclusions that the author has drawn 
8 942 52.4 1.8 88 58 from this study are: 
- hf a a roe 4 1. The proper choice of the raw sand for green 
ll 1608 47.5 2.5 87.2 27 sand molding is much more important than 
most foundrymen appreciated. 
that is well known, that permeability decreases as 2. Much more work must be done toward a bet- 
the fineness of the sand increases. However, the effect ter understanding of one of the foundry indus- 
of change in density may be of interest (Table 8). try’s most important raw materials—sand. 
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THE EFFECT OF VANADIUM ON THE HIGH & LOW 
TEMPERATURE MECHANICAL PROPERTIES OF A 
1Cr-1Mo CAST STEEL 


By 


L. D. Tote* and R. S. Zeno* 


ABSTRACT 


A study was made to determine the effect of vanadium 
content on the high and low temperature mechanical 
properties of a 1 per cent chromium-1 per cent molyb- 
denum cast steel. The steels were tested in the normal- 
ose Maa tempered condition at comparable hardness 
levels. 

The following effects were observed when step ad- 
ditions of vanadium were made to 10,000 Ib heats of 
1Cr-1Mo and 1Cr-1Mo-1/4V steels raising the vanadi- 
um content from 0.04 to 0.29 per cent, from 0.23 to 
0.54 per cent, respectively. 

1. There was a significant increase in the rupture 
strength at the higher parameter numbers (M = 36,000 
to 39,500). 

2. Increasing the vanadium from 0.04 per cent to 0.22 
per cent lowered the rupture ductility but further in- 
creases in the vanadium content from 0.23 per cent to 
0.54 per cent did not change the rupture ductility. 

3. The tensile and yield strengths appeared unaffect- 
ed as a result of increasing the vanadium content from 
0.23 per cent to 0.54 per cent. 

4. Increasing the vanadium content from 0.04 per 
cent to 0.22 per cent increased the energy and fracture 
appearance transition temperatures approximately 35 and 
19 C, respectively. Increasing the vanadium content from 
0.23 per cent to 0.54 per cent showed little, if any, sig- 
nificant change. 

5. The bainite became finer with vanadium additions 
to 0.40 per cent. Bainite coarsening resulted with the 
0.54 per cent vanadium content. 

6. The grain size increased with vanadium additions 
to 0.40 per cent. The grain size again became smaller 
with the 0.54 per cent vanadium. 

7. The coarse carbides of iron (Fe3C) and molybde- 
— wa are replaced by the finer vanadium carbide 

43). 

8. A nominal 1Cr, 1Mo, 0.5V cast steel has a 1100 F, 
100,000 hr rupture strength approaching that of wrought 
type 347 stainless steel. 

9. The 0.1, 0.2 and 0.3 per cent (plastic strain), 100,- 
000-hr creep strength at 1050 F (M = 37,800) approach- 
es that of wrought type 347 stainless steel. At higher 
parameters the creep strength of the 0.54 per cent V 
steel appears to fall off. 


INTRODUCTION 


Low alloy steels in large tonnages are used through- 
out the world in turbine, oil refineries and other in- 
dustries where good low and high temperature me- 
chanical properties are essential. For the sake of 
economy there is a need for developing low alloy 





*Materials & Processes Laboratory, Large Steam Turbine-Gen- 
erator Dept., General Electric Co., Schenectady, New York. 
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steels with high temperature properties (to 1100 F) 
approaching those of austenitic stainless steels. 

It has been recognized for some time that vana- 
dium is one of the most potent high temperature 
strengtheners of low alloyed ferritic steels.':? In order 
to explore this further, step additions of vanadium 
were made to two low alloy ferritic steels. The effect 
of vanadium content on the high and low tempera- 
ture mechanical properties of these steels was de- 
termined. The results are presented in this paper. 


PROCEDURE 
Material 


Two 10,000 Ib heats of steel, one a 1Cr-1Mo (2671), 
the other a ICr-1Mo-1/4V (2759) were made by 
the basic electric process. The initial vanadium addi- 
tion to the 1Cr-1Mo-1/4V steel was made in the 
furnace. The step additions of vanadium were made 
to both heats in the ladle. The vanadium was added 
in the form of ferro-vanadium (55 per cent V). The 
base composition of the two heats, and the vanadium 
levels of the test blocks poured, are given in Table 1. 


Sampling 

The test blocks were cast in the form of 1-ft cubes 
weighing approximately 500 Ib. All of the test mate- 
rial was taken from a 1-1/2-in. x 12-in. x 12-in. slab 


TABLE 1 — CHEMICAL COMPOSITION OF TEST 
BLOCKS FROM HEATS 2671 AND 2759 











Heat & 

Test 

Block Composition, % 

No. C Si Mn S PrP G& WN Me V 

2671-6 0.18 0.42 0.79 0.007 0.012 0.98 0.15 1.07 men) 
ase 

Ee oe Base Composition............ 0.22 

EEE k's co baa ge Base Composition............ 0.29 

2759-1 0.16 0.30 0.83 0.007 0.012 1.12 0.11 0.97 oe) 
ase 

RRR ase Base Composition............ 0.30 

EE Oss 3 Bin dca nek Base Composition............ 0.40 

SE, s635 vee eee’ Base Composition............ 0.54 
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TEST BLOCK a p——- TEST MATERIAL 




















Fig. 1—Sampling of test blocks. 


TABLE 2 — SUMMARY OF HEAT TREATMENTS AND 
RESULTANT HARDNESSES 





Identification 





(%V) Heat Treatment Hardness, BHN 
2671-6 1030-1075 C (1877-1967 F) for 12 hr 207 
(0.04) 690 C (1274 F) for 10 hr 
2671-9 1030-1075 C (1877-1967 F) for 12 hr 217 
(0.22) 690 C Ne F) for 15 hr 
2671-10 1030-1075 C (1877-1967 F) for 12 hr 220 
(0.29) 690 C (1274 F) for 33 hr 
2759-1 1050-1080 C (1922-1976 F) for 12 hr 229 
(0.23) 690 C (1274 F) for 41 hr 
2759-2 1050-1080 C (1922-1976 F) for 12 hr 230 
(0.30) 690 C (1274 F) for 48 hr 
2759-5 1050-1080.C (1922-1976 F) for 12 hr 227 
(0.40) 690 C (1274 F) for 33 hr 


705 C (1301 F) for 30 hr 
2759-6 1050-1080 C (1922-1976 F) for 12 hr 228 


(0.54) 690 C (1274 F) for 33 hr 
705 C (1301 F) for 30 hr 

2759-6-11 1130 C (2066 F) for 6 hr 

(0.54) 690 C (1274 F) for 15 hr 
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Fig. 2—Test block 2671-6, 0.02 per cent vanadium, bainitic 
matrix with less than 5 per cent primary ferrite, A.S.T.M. grain 
size 2-3, 100x. ‘ 






Vanadium Effect on 1Cr-1Mo Cast Stee! 


cut midway between the riser-test-block interface and 
the test block bottom (Fig. 1). 


Heat Treatment 


A summary of the normalizing and tempering heat 
treatments and the resultant hardnesses is given in 
Table 2. The initial normalizing and tempering cy- 
cles were made on the as-cast test blocks. Where 
additional tempering cycles were required to develop 
comparable hardness levels, they were run in the 
laboratory on sections from these test blocks. As the 
vanadium content in each heat increased, the temper- 
ing time required also increased. This retardation of 
the softening rate according to Zimmerman, et al* is 
caused by the precipitation of the vanadium-rich 
carbide which has low diffusivity, wide dispersion, 
and slow coalescence. 


Testing 


The effect of vanadium content on the microstruc- 
ture and high and low temperature mechanical prop- 
erties of a 1Cr-1Mo steel was determined. The tests 
employed were as follows: 

. Metallographic. 

. Room temperature tensile (Heat 2759 only). 

. V-notch Charpy impact (transition curves). 

. Parameter rupture. 

. Constant load creep (0.54 per cent V mate- 
rial only). 


RESULTS AND DISCUSSION 
Microstructure 


ak CO De 


The results of metallographic examinations made 
on material cut from each of the test blocks investi- 
gated are shown and described in Figs. 2-9. At 100x 
the structures of all but the 0.02 per cent vanadium 
block (Heat 2671) were bainitic and essentially free 
of primary ferrite. The 0.02 per cent block showed less 
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Fig. 3—Test block 2671-9, 0.22 per cent vanadium, coarse 
bainite free of primary ferrite, A.S.T.M. grain size 1-2. 100X. 
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L. D. Tote and R. S. Zeno 


than 5 per cent primary ferrite. The bainite in both 
heats changed with increasing vanadium content. 
Increasing the vanadium content of Heat 2671 from 
0.02 to 0.29 per cent, and Heat 2759 from 0.22 to 
0.40 per cent resulted in the formation of a finer 
bainite. Increasing the vanadium content of Heat 
2759 from 0.40 to 0.54 per cent, however, resulted 
in bainite coarsening. Strauss & Franklin‘ have found 
that the effect of vanadium on the type of bainite 
formed is determined by the undissolved vanadium 


gu 
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Fig. 4—Test block 2671-10, 0.29 per cent vanadium, bainitic 
and free of primary ferrite, A.S.T.M. grain size 1-2. 100 x. 
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Fig. 6—Test block 2759-2, 0.30 per cent vanadium, bainite 
with A.S.T.M. grain size 2-3. 100x. 
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content as well as the dissolved vanadium content. 
Vanadium in solution tends to retard the transforma- 
tion of austenite (increasing ferritic hardenability), 
whereas undissolved vanadium tends to promote 
this transformation (decreasing ferritic hardenability). 

The grain size of these steels also varied as a func- 
tion of the vanadium content. The larger grain sizes 
were obtained with the 0.22 and 0.29 per cent vana- 
dium in Heat 2671, and the 0.40 per cent vanadium 
in Heat 2759. Increasing the vanadium content of 





Fig. 5—Test block 2750-1, 0.23 per cent vanadium, bainite 
with A.S.T.M. grain size 1-3. 100. 


Fig. 7—Test block 2759-5, 0.40 per cent vanadium, bainite 
with A.S.T.M. grain size 1-2. 100. 














Fig. 8—Test block 2759-6, 0.54 per cent vanadium, bainite with 
A.S.T.M. grain size 2-4. Austenitized at 1050C (1922F). 100 x. 
Heat 2759 from 0.40 to 0.54 per cent resulted in the 
production of a finer grain. It has been reported by 
Ziegler, et al® that undissolved vanadium carbides 
will restrict grain growth. 

It appears from the results of metallographic ex- 
amination that the maximum vanadium content solu- 
ble with an austenitizing treatment of 1050 C (1922 
F) for 12 hr is greater than 0.40 per cent, but less 
than 0.54 per cent. 

TABLE 36 — X-RAY RESULTS ON STEELS WITH 


VARYING VANADIUM (7 PER CENT HCL-ALCOHOL 
ELECTROLYTIC EXTRACTS) . 








STEEL %V IN Fesc Mo9C VgCs 
DESIGNATION STEEL (ORTHORHOMBIC) (HEXAGONAL) (CUBIC) 
2759- (04.528 0:2.970 & 
' 0.23 (b=5.078 & c:4.678 & -- 
(c=6.762 R = c/a= 1.575 
(0) (m) 
2759- (0=4.527 & 0=2.962 
2 0.30 (b=5.096 & 24.672 & 074.194 R 
(c=6.754 & c/a= 1.577 
(a) (r) (m) 
2759- (0=4.538 R 0=2.961 & 
5 0.40 (b=5.047 & c=4.671 & 0:4.190 & 


(c=6.743 RB c/a=1.578 
(0) (vr) (ma) 

2759- { 
6 0.54 0=4.183 & 


( (a) 
(0) DESIGNATES “ABUNDANT,” (m)"MEDIUMS (r)"RARE; (v) "VERY" 
TABLE 4¢ — PARTITIONING OF CR, MO AND V 


BETWEEN MATRIX AND CARBIDES IN STEELS 
WITH VARYING VANADIUM 














Steel %V Observed Calculated % Carbides 
Designa-_ in Matrix Comp. Carbides Comp. in 
tion Steel Cr Mo V Cr Mo V_ Steel Type 
2759-1 0.23 0.92 0.66:0.13 15 22 7 1.44 FesC+Mo2C 
2759-2 0.30 0.96 0.50 0.12 923 9 2.06 FesC+VsCs+Mo2C 
2759-5 0.40 1.01 0.52 0.20 12 44 20 1.04 FesC+VsCs+Mo2C 
2759-6 0.54 1.09 0.51 0.15 438 31 1.24 VsCs 

Base Comp. 0.23 V 1.12 Cr 0.97 Mo 
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Fig. 9—Test block 2759-6-11, 0.54 per cent vanadium, bainite 
with A.S.T.M. grain size 1-2. Austenitized at 1130C (2066F). 
100x. 


At 1000x the carbide spacings appeared larger 
with increasing vanadium content. What appears to 
be a depletion in the amount of undissolved carbides 
is actually a replacement of the coarse iron carbides 
of iron (Fes;C) and molybdenum (Mo2C) with the 
considerably finer carbide of vanadium (V4C3).* These 
vanadium carbides have been resolved at magnifica- 
tions of the order of 10,000x by Beattie.* The results 
of Beattie’s work on the x-ray diffraction of these 
carbides are summarized in Tables 3 and 4. 


TABLE 5 - SUMMARY OF ROOM TEMPERATURE 
TENSILE RESULTS 








* Ave. properties based on 10 recent basic electric heats 


YS. 
Identification T.S. (0.02% O.S.) Elong. R.A. 
(%V) psi psi % % 
1Cr-1Mo* 88,600 62,600 20.0 56.7 
(0-0.05) 

1Cr-1Mo* 101,000 80,500 20.0 55.0 

(0.15-0.20) 
2759-1 104,800 83,000 21.0 63.8 
(0.23) 110,000 88, 19.5 61.8 
110,000 87,500 20.0 61.8 
Ave. 108,270 86,170 20.2 62.5 
2759-2 107,200 84,000 20.5 61.6 
(0.30) 106,800 84,000 20.5 61.8 
106,800 84,000 20.5 62.6 
Ave. 106,900 84,000 20.5 62.0 
2759-5 110,000 85,500 19.5 58.6 
(0.40) 109,000 83,500 20.5 58.1 
109,700 86,250 20.0 58.1 
Ave. _ 109,600 85,100 20.0 58.3 
2759-6 112,900 90,000 19.0 54.4 
(0.54) 109,500 88,500 19.0 57.8 
109,000 80,000 20.5 58.6 
Ave. _ 110,500 86,200 19.5 56.9 





Vanadium Effect on 1Cr-1Mo Cast Stee! 
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Fig. 1l—Energy and fracture appear- 
ance transition curves for test blocks 
from heat 2759. 
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Fig. 10—Energy and fracture appear- 
ance transition curves for test blocks 
from heat 2671. 
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Room Temperature Tensile 


The room temperature tensile properties are sum- 
marized in Table 5. When tempered to a strength level 
of 110,000 psi, the yield strengths remained constant 
at 85,000 psi. The per cent reduction in area showed 
a slight decrease with each increase in vanadium 
content. The decrease from 62.5 to 56.9 per cent is 
not considered serious. 


V-Notch Charpy Impact 


The results of the V-notch Charpy tests are sum- 
marized in Table 6, and shown in the form of transi- 
tion curves in Figs. 10 and 11. Fracture appearance 
transition temperature as a function of vanadium con- 
tent is shown in Fig. 12. The points plotted for Heat 
2671 are the results of single-bar tests at each temper- 
ature. The points plotted for Heat 2759 represent the 
average of two bars. The energy transition temper- 
ature was based on 50 per cent of maximum energy. 
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TEMPERATURE , C (F) 


TABLE 6 — SUMMARY OF V-NOTCH CHARPY RESULTS 


Temperature C 025 50 75 100 150 250 
F F 32 77 122 167 212 302 482: 








Identification Transition 
~~ __Temp. F _ 
2759-1 Ft-Lb 7 7 18 17 62 109 117 210 
(0.23) %F.F.* 0 2 #5 10 40 100 100 212 
2759-2 Ft-Lb 4 7 11 24 51 83 97 210 
(0.30) 2F.F. 01 4 13 33 98 100 226 
2759-5 Ft-Lb 5 6 10 17 38 86 101 230 
(0.40) %F.F. 13 5 8 2 92 100 242 
2759-6 Ft-Lb 310 14 29 41 81 86 210 
(0.54) %F.F. 13 5 13- 32 95 100 226 
2671-6 Ft-Lb 15 87 138 145 
(0.04) %F.F. 10 45 100 180 
2671-9 Ft-Lb 69 100 203 
(0.22) ZF.F. 35 100 215 
2671-10 Ft-Lb 12 17 73 117 203 
(0.29) %F.F. 3 20 45 100 226 


*F.F. — Fibrous Fracture 
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The fracture appearance transition temperature was 
based on 50 per cent fibrous fracture. 

Increasing the vanadium content of Heat 2671 from 
0.04 to 0.22 per cent increased the energy transition 
temperature from 63 C (145 F) to 98 C (203 F). 
The fracture appearance transition temperature in- 
creased from 82 C (180 F) to 101 C (215 F). Increas- 
ing the vanadium content of Heat 2759 from 0.23 to 
0.54 per cent showed little, if any, significant change 
in both the energy and fracture appearance transi- 
tion temperatures (Fig. 12). 


Rupture 


The parameter (Larson-Miller’) rupture data is 
summarized in Table 7. The rupture curves for Heats 
2671 and 2759 are shown in Figs. 18 and 14, respec- 
tively. Figure 15 shows the effect of vanadium content 
on the 1000, 1050, and 1100 F, 100,000-hr rupture 
strength of the 1Cr-1Mo steel. Figures 13 and 14 
show that in each heat, as the vanadium content 
increased, the rupture strength increased. 

The 0.54 per cent vanadium steel with a 100,000-hr 
rupture strength at 1100 F of 17,000 psi approaches 
the rupture strength of wrought type 347 stainless 
steel (Fig. 15). 


Vanadium Effect on 1Cr-1Mo Cast Stee! 


The 1000 F rupture ductility of Heat 2671 decreased 
considerably when the vanadium content was increas- 
ed from 0.04 to 0.22 per cent (Table 7). The increase 
from 0.22 to 0.29 per cent vanadium, however, showed 
little change. In Heat 2759 there was little if any, 
significant change as a result of increasing the vana- 
dium content from 0.23 to 0.54 per cent. The rupture 
ductilities were quite low in general. 
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Fig. 12—Fracture appearance transition temperature as a func- 
tion of vanadium content. 


TABLE 7 — SUMMARY OF PARAMETER RUPTURE DATA 








Material ‘Hardness Test Temp. Time M Stress, psi Elong. R.A, Type of 
Heat No.—%V BHN F Hr. x 10°3 x 103 % % Fracture 
2671—0.04 207 1200 49 36.0 19 23.0 59 3 I 

1100 160 34.6 28 13.0 34 T I 
1300 235 39.3 7 22.0 87 T I 
1050 19 32.1 40 16.0 80 T I 
2671—0.22 217 1300 75 38.4 12 6.0 13 T I 
1200 172 36.9 19 4.5 9 T I 
1100 109 34.3 35 9.7 37 Tt I 
1000 450 33.0 45 12.0 63 T I 
2671—0.29 220 1300 186 39.1 10 7.4 33 T I 
1200 162 36.8 23 5.5 10 z I 
1100 16 33.0 38 12.0 72 es I 
1100 190 34.7 35 4.3 18 T I 
2759—0.23 229 1300 207 39.2 10 14.0 72 T I 
1200 871 38.0 23 5.6 17 T I 
1300 66 38.3 14 3.3 6 7 I 
1200 91 36.4 25 8.5 35 T I 
1100 86 34.2 38 7.6 39 T I 
2759—0.30 230 1300 284 39.5 10 16.0 71 T I 
1200 190 36.9 25 5.8 14 T I 
1100 29 33.4 40 11.0 52 T I 
1100 193 34.7 36 3.8 19 T I 
1300 126 38.8 14 7.3 28 T I 
2759—0.40 227 1300 374-437° 39.7-8 10 8.9 45 ‘ I 
1200 486 37.6 25 8.1 18 T I 
1100 146 34.5 37 3.3 18 T I 
1200 163 36.8 28 6.7 22 7 I 
1300 74 38.4 18 4.9 22 7 I 
2759—0.54 228 1300 475 39.8 10 10.1 4] + I 
1300 233 39.3 14 8.4 54 T I 
1200 159 36.8 30 5.9 32 7 I 
1100 88 34.2 40 77 30 Tt I 
1300 88 38.6 20 7.8 42 7 I 
ICr-IMo-3/4V® 237 1300 505 39.9 10 8.0 63 T I 
1200 504 37.6 22 6.7 27 es I 
1300 24 37.6 16 18.0 72 T I 
1100 176 34.7 35 5.9 26 7 I 
1000 13 30.8 47 11.0 64 T I 
1050 613 34.4 40 4.1 15 7 I 
1300 123 38.8 15 12.0 62 = I 
1000 976 33.5 40 3.7 6.4 T I 
2759—0.54°* 233 1250 626 38.9 15 2.2 17 7 I 
1200 247 37.1 25 2.0 6 T I 
1100 321 35.1 43 1.4 2 T I 
1350 76 39.5 11 ae 23 ¥ I 
1200 58 36.1 32 1.9 2 T I 
*Clock broke 


*°1130C (2066 F) Aust. Treat 


*®®Double neck 
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It it indicated in the literature by Thielemann*® 
and others that with these low alloy ferritic steels, 
increasing the austenitizing temperature tends to in- 
crease the rupture strength and decrease the rupture 
ductility. Figure 16 shows the comparison of the rup- 
ture strength curves of the 0.54 per cent vanadium 
material austenitized at 1050 C (1922 F) and 11380 C 
(2066 F). Note the larger grain size of the material 
austenitized at the higher temperature (Figs. 8 and 9). 

Contrary to what has been reported, both the rup- 
ture strength and rupture ductility decreased as a 
result of the increase in austenitizing temperature. 
One possible explanation for this decrease in rupture 
strength appears evident. Increasing the austenitizing 
temperature resulted in a change in the mode of 
fracture of the material (Table 7). The material aus- 
tenitized at the lower temperature ruptured in a 
transcrystalline-intercrystalline manner, whereas, the 
material austenitized at the higher temperature rup- 
tured along an intercrystalline path. This indicates 
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Fig. 13—Rupture curves for test blocks from heat 2671. 
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Fig. 15—The 1000, 1050, and 1100F—100,000 hr rupture 

strength of a 1Cr—1Mo cast steel as a function of vanadium 

content. 
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that in increasing the austenitizing temperature the 
strength of the grains relative to the grain bounda- 
ries has been increased. 

The strength of the grain boundaries has decreased 
to a level below that exhibited by the grains after the 
1050 C (1922 F) austenitizing treatment. It appears 
that the effect of changes in microstructure produced 
by increasing austenitizing temperatures can and will 
offset the beneficial effect of vanadium on the rup- 
ture strength of these steels. Walker® observed the 
same effect of austenitizing temperature in a study 
of a 1Cr, 1Mo, 3/4V cast steel. 
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Fig. 14—Rupture curves for test blocks from heat 2759. 
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Fig. 16—Rupture curves for 0.54 per cent vanadium steel aust- 
enitized at 1050 C (1922 F) and 1130 C (2066 F). 

























































































432 
40 
By 
30 SS 
20 = 
SCATTERBANO FOR WROUGHT 
TYPE 347 STAINLESS (10) 4 
10 
3 MIL 
5 
40 
» 30 hd 
° 
a. Fig. 17—One, two, 
o SCATTERBAND FOR WROUGHT and three mil (plas- 
“. [rvee 347 STAINLESS (10) ] <i tic) creep curves 
a '0 V for 0.54 per cent 
& vanadium steel 
” 2 MIL (2759-6). 
5 
40 
mn 
30 = 
20 Ss 
SCAT TERBAND FOR cal 
TYPE 347 sTamess ‘'0) 
10 ; 
900 950 1000 §=—1050 ~\nor 
MIL YP easecanpnanne FOR 105 HOURS! 
i 
5 32 34 36 38 39 


M:T(20+ LOGt) « 10°3 


TABLE 8 — SUMMARY OF PARAMETER CREEP DATA 
ON 1Cr-1Mo-1/2V CAST STEEL 


Test Stress 











Heat No. Hardness Temp. Time M psi, Elong. 
—%V BHN F Hr x10-3 x10-3 mils/in. 
2759 — 0.54 228 1200 610 37.8 10 0.1 
1200 1600 38.5 10 0.2 
1200 2500 38.8 10 0.3 
1150 475 36.5 20 0.1 
1150 1400 37.2 20 0.2 
1150 2250 37.6 20 0.3 
1250 500 388 5 0.1 
1250 1200 39.5 5 0.2 
1250 1780 39.7 5 0.3 
1100 20 33.2 35 0.1 
1100 300 35.0 35 0.2 
1100 820 35.7 35 0.3 
Creep 


The parameter (Larson-Miller’) creep data is sum- 
marized in Table 8. The creep stresses required for 
1-, 2-, and 3-mil plastic strain for the 0.54 per cent 
vanadium steel are shown in Fig. 17. Included for 
comparison is 1-, 2- and 3-mil plastic strain scatter- 
band data for wrought type 347 stainless steel. Note 
that the 0.1, 0.2, and 0.3 per cent (plastic strain), 
100,000 hr creep strength at 1050 F (M = 37,800) 
approaches that of wrought type 347 stainless steel. 
At higher parameter numbers the creep strength of 
the 0.54 per cent V steel rapidly falls off. 


CONCLUSIONS 


The following effects were observed when step ad- 
ditions of vanadium were made to heats of 1Cr-1Mo 
(Heat 2671) and 1Cr-1Mo-1/4V (Heat 2759) steels 


Vanadium Effect on 1Cr-1Mo Cast Stee! 


raising the vanadium content from 0.04 to 0.29 per 
cent, and from 0.23 to 0.54 per cent, respectively. 

1. There was a significant increase in the rupture 
strength at the higher parameter numbers 

(M = 36,000 to 39,500). 

2. Increasing the vanadium from 0.04 to 0.22 per 
cent lowered the rupture ductility. Further increases 
in the vanadium content from 0.23 to 0.54 per cent 
did not change the rupture ductility. 

3. The tensile and yield strengths appeared unaf- 
fected as a result of increasing the vanadium content 
from 0.23 to 0.54 per cent. 

4. Increasing the vanadium content from 0.04 to 
0.22 per cent increased the energy and fracture ap- 
pearance transition temperatures approximately 35 
and 19 C, respectively. Increasing the vanadium con- 
tent from 0.23 to 0.54 per cent showed little, if any, 
significant change. 

5. The bainite became finer with vanadium addi- 
tions to 0.40 per cent. Bainite coarsening resulted 
with the 0.54 per cent vanadium content. 

6. The grain size increased with vanadium addi- 
tions to 0.40 per cent. The grain size again became 
smaller with the 0.54 per cent vanadium. 

7. The coarse carbides of iron (FesC) and molyb- 
denum (Mo.2C) are replaced by the finer vanadium 
carbide (V4C3). 

8. A nominal 1Cr, 1Mo, 0.5V cast steel has a 1100 
F, 100,000-hr rupture strength approaching that of 
wrought type 347 stainless steel. 

9. The 0.1, 0.2, and 0.3 per cent (plastic strain), 
100,000-hr creep strength at 1050 F (M = 37,800) 
approaches that of wrought type 347 stainless steel. 
At higher parameters the creep strength of the 0.54 
per cent V steel appears to fall off. 

When this paper was written, the authors included 
information and expressed opinions believed to be 
correct and reliable. Because of the constant advance 
of technical knowledge, the widely differing condi- 
tions of possible specific application, and the possi- 
bility of misapplication, any application of the con- 
tents of this paper must be at the sole discretion 
and responsibility of the user. 
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PREVENTION BY THE OUNCE 


By 


F. J. Dost and G. P. Ribar* 


INTRODUCTION 


If it is assumed that, in the modern foundry, it is 
economically advantageous to have substantially all 
the means of production available to the producing 
forces during their scheduled working times, it fol- 
lows, that adequate effort to effect such availability 
is amply justified. 

The manifestation of this assurance to produce, is 
apparent in the activities of the plant maintenance 
department. How well it selects, installs, inspects, 
maintains, and counsels in the operation of the foun- 
dry plant components will determine, to a great ex- 
tent, the degree of availability. 

This report is a summary of maintenance practice 
at the authors’ company. At this company gray iron, 
alloy gray iron, and ductile iron castings are made 
in a semi-mechanized shop of about 750 tons per 
month capacity. Molds are approximately half dry 
sand and half green sand, casting weights are from 
about 1 Ib to 10,000 Ib. 

We have been asked to comment about our specific 
programs of preventive maintenance concerning: 1) 
electrical equipment, 2) material handling and 
cranes, 3) melting equipment, 4) fuel burning ap- 
pliances, and 5) the compressed air system. 

Before entering the individual categories listed, the 
authors would like to stress the accent given to lubrica- 
tion, cleaning, and inspection. Generally, where there 
is no hazard of pushing out seals, or contaminat- 
ing electrical insulation, or the process, parts are over- 
lubricated weekly in the belief that keeping lube 
in keeps dirt out. Cleaning of electric motors and 
controllers, air moving impellers, ducts and _ filters, 
cranes, motive units, and machines in general, with 
blow pipes uncovers most of the locations where fail- 
ures could occur. These two preventives lead to 
practically 50 per cent automatic inspection, consid- 
ering that inspéction is the cornerstone of successful 
maintenance. For if inspection is not done, it can not 
be known; if it is not known, there is no prevention; 
and if there is no prevention, failure follows. 


The topic of electrical equipment is divided into 
two broad classifications: A) power supply, and B) 
utilization apparatus. 


*Sterling Foundry Co., Wellington, Ohio. 
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Electrical energy is purchased at the 60 cycle, 240 
volts, 3 wire, 3 phase, ungrounded secondary of a 
600 KVA utility furnished delta-delta bank of 6 single- 
phase transformers. This enters the plant through 
three 1,200 amp., 3 pole amp-trap fused main 
switches; thence to “super-lag” fused panels at centers 
of load. It then goes by sub feeder or branch circuit 
to the different work centers. This will be recognized 
as a secondary radial system requiring fusing and 
conductoring in multiple. 

POWER SUPPLY 

The inspection of this electrical backbone is semi- 
annual. Temperature testing is done by touching all 
lugs (Fig. 1), conductors, switch contacts, fuses, 
fuse clips and clamps, and fuse panels. The currents 
in the parallel paths are checked with a tong-test 
ammeter (Fig. 2), to prove even division of load. 
Renewable fuses are completely disassembled at times 
of no load and the links carefully scrutinized for evi- 
dence of notching, fatigue and oxidation. Fuse link 
contacts, fuse blades, fuse clips and fuse holder 
contacts are fine sandpaper cleaned before assembly, 
and securely clamped in the clips everywhere space 
permits fuse clamps to be installed. 

The check is also made at peak-load currents on 
the utility’s paralleled transformers as well as each 
Monday morning during the thunderstorm season, 
proving continuity of the transformer primary fuses. 
The utility cleans the cutout contacts and replaces 
the primary fuses at plant vacation time. 

This close attention to fundamentals has resulted in 
an enviable availability of the secondary electrical 
system. All components operate with moderate temper- 
ature rises, and at or below National Electrical Code 
ratings. In its over 15 years of continuous operation, 
the distribution system has not been down once from 
causes within the plant. With the electric power sup- 
ply dependable, a host of collateral production neces- 
sities are kept available. 

On a different tariff schedule, energy for a 250 KVA, 
size U, direct-arc furnace, is purchased separately at 
utility primary voltage. All of the activities men- 
tioned in connection with the low-voltage system are 
employed here, except that temperatures by touch 
are not taken while this service is energized. 

An incidental benefit of the peak-load ampere meas- 
urements is that a good load study can be made by 











Fig. 1 — Temperature testing by touch on lugs, switch con- 
tacts, fuses, fuse clips and clamps, and fuse panels which are 
inspected semi-annually. 


merely recording the tong-test readings. Such a sur- 
vey, in conjunction with proposed building and motor- 
ized process additions, indicates the magnitude and 
direction in which to expand the power supply. A 
second radial secondary system beyond the economic 
reach of the existing service is now being built. 

It is to be understood that a power supply that is 
protected with devices of insufficient interrupting ca- 
pacity, is grossly overfused, inadequately conductored, 
or carelessly installed, cannot be prevented from fail- 
ing, and will probably cause a disastrous fire when 
it does fail. 


UTILIZATION APPARATUS 


The prevention program for this category of plant 
centers about a file containing an individual card for 
every electrical item on the premises. Electrical equip- 
ment items as: a) motors and controllers, b) magnetic 
brakes, c) rectifiers and generators, d) lifting mag- 
nets and magnetic pulleys, e) heating devices, f) 
lighting, and g) signals are all listed. In complemen- 
tary files are kept the parts lists; installation, operating, 
and adjusting instructions; wiring diagrams and liter- 
ature helpful to the work of the department. 


Electric Motors 


Motors are blow pipe (25 psi max.) cleaned on 
schedules varying from two weeks to two months, 
depending on size, exposure to unfavorable ambient 
and motor type. Wound rotor types are especially 
watched for buildup of carbon dust from the brushes 
in addition to the prevailing foundry dusts. Those 
open motors on which the insulation resistance can- 
not be satisfactorily maintained by blowing, are taken 
out of service at intervals of about three to five years, 
disassembled, solvent cleaned, dried, and revarnished 
before being returned to use. 

Wound rotor types are also inspected for freedom 
of brush movement, evidence of arcing, length of 
brush, cleanliness of brush rigging and inter-collector 
ring insulation, as well as continuity of the motor 
secondary wiring. 

Ordinarily, electric motors are not regarded as ex- 
pendable, and overload protection is applied accord- 
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b.. 
Fig. 2—The currents in the parallel paths are checked 
with a “tong-test” ammeter to prove even division of load, 


ingly. Where thermal overload relays are used on 
40 degree rise continuous ratings, protection is in the 
range of 110 per cent-125 per cent; on 55 degree rise 
continuous ratings, 105 per cent-115 per cent. Where 
renewable super-lag fuses are used, principally, for 
55 degree rise, 30 min, wound rotor motors on cranes, 
protection is at about 150 per cent, in any case, 
always using the smallest size which will keep the 
motor running without premature fuse blowing. Where 
dual element fuses are used, mainly for 55 degree 
rise 180 cycle portable grinding tools, protection is 
at 110 per cent. 

A conspicuous exception to over lubrication, as not- 
ed before, is electric motors. Here, lubricant is applied 
sparingly. Ball bearing motors are lubricated by grease 
gun, with the relief or sump plug of the bearing 
capsule removed. Only enough lube is added to replace 
the old. Where it is evident that the old grease is 
excessively hard, the motor is disassembled and the 
bearings thoroughly flushed with warm oil. Capsules 
are then repacked one-third to one-half full upon 
assembly of the motor. 

Sleeve bearing motors are oiled by addition about 
once a month until the oil in the sump shows contami- 
nation. Oil is then drained and replaced with new. 

Flange mounted motors are inspected closely for 
migration of lube from the associated gear case or 
crank case. Regardless of how well the shaft seals 
are maintained, a tendency for lubricant from the 
gear box to move along the shaft and be centrifuged 
into the windings has been noticed, which, along 
with the ever prevalent foundry dust, causes rapid 
deterioration of the insulation. It is important that 
the gear box not be overfilled, and that the vent 
to the case be kept open. 

The authors’ company also touch-temperature tests 
motor bearings and stators, inspects frame hold-down 
bolts, sheave, belt alignment and tension, coupling 
or spur gear of each drive twice a year as it fits into 
the cleaning cycle. 


Motor Controllers 


These elements, perhaps more properly an item of 
power supply, are grouped with motors because of 
concurrence of inspection; and since a division can 
be made between power supply and utilization, it 
is convenient to do at the motor disconnect switch. 
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The devices in this class which are inspected most 
frequently are reversing drum controllers for wound 
rotor motors as used on cranes. The authors’ company 
lubricates the contact finger tips and segments with 
petroleum jelly at intervals of from one week to three 
weeks, depending on frequency and severity of op- 
eration. Contact pressures are adjusted, internal con- 
nections of segment to segment, tips to fingers, fingers 
to shunts, shunts to external wiring, are all tested 
and examined for tightness and evidence of excessive 
arcing. Shaft bearings are lubricated and checked for 
wear. Once a year the drum is removed from the 
controller, washed in solvent, dried, and varnished on 
the insulation before returning to service. 

By far the greatest number of motor controllers is 
magnetic contactors, as used in across-the-line start- 
ers. In the usual application, requiring only a few 
operations daily, the principal preventive used is air 
blow-gun cleaning at about three month intervals, 
particular attention being given to removing mag- 
netic particles in the magnet structure and pivots, 
which foreign material if not removed, causes slug- 
gish action. Starters are worked over annually, contacts 
being dressed, bearing points, blowouts, connections, 
shunts, interlocks, holding coils and magnet-mating 
are inspected in detail. 

There are a few installations of pilot master-mag- 
netic contactor switching on the cranes. The pilot 
masters are treated as miniature drum control, and 
necessarily much more attention is given to the con- 
tacts, magnet frames, pivots and hold downs of the 
contactors, because of the frequency of stress in this 
application. 

The tanks of oil switch starters are lowered once 
a year for complete inspection of contacts, linkage, 
connections, oil and contact alignment. The manual 
or solenoid operator is examined for wear and free- 
dom of movement. 


Magnetic Brakes 


The magnetic brakes are of the spring set, shunt 
connected, alternating current type. Actuators are of 
solenoid, or of armature and “C” core design, about 
evenly divided between shoe and wheel, and, disc 
and plate brakes. These brakes are used to control 
coasting of de-energized hoist motors. Since many of 
the hoists are used to draw large patterns and core 
boxes, and to set heavy cores, as many as 100 pulses 
in 2 or 3 min are given to motor and brake to 
raise or lower these loads. This severe punishment 
of the brakes means frequent preventive action if 
high availability is required. 

At periods of from twice weekly to every two 
weeks electric brakes are inspected. If the plungers 
or armatures of these magnetic circuits do not 
quickly move to sealed position when energized, the 
electrical reactance of the coil remains quite low, per- 
mitting as much as 20 times normal sealed-in current 
to flow, so that the coil is destroyed in a short time. 

It has been found that almost ary single fault in 
the brake assembly or adjustment, contributes to slug- 
gish action (Fig. 3). Therefore complete brake ex- 
aminations are made. The check points are: bolts 
securing brake frame to machine, fastening of coil 
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Fig. 3— Complete brake examinations are made at various 
check points. Inspector is shown testing magnetic brake. 


to brake base, connection of supply wires to coil, 
travel and alignment of plunger or armature, impact- 
ing surfaces of magnet, non-magnetic guides and anti- 
freeze shims, jam nuts which fix length of travel, trun- 
nions, pivots, bearings, arms, levers, links, pins, cotters, 
spring tension, lining and wheel surfaces. The brake is 
exercised manually to test accumulated play. The 
motor controller is operated a few times while watch- 
ing and listening to the brake. 

This procedure though sounding lengthy, can be 
performed by an experienced mechanic in five min 
and pays off handsomely in hoist availability. 

The disc and plate brakes used are mostly of the 
dry lining type mounted against a gear case. Gear 
lubricant eventually works through the seal causing 
some slippage. When the coasting or drift of the hook 
increases beyond normal, the lining surfaces are 
cleaned and the seal is replaced, usually about an- 
nually. 


Generators and Rectifiers 


There is no central source of direct current power 
at the authors’ company. Rather, alternating current is 
converted on-the-spot, for magnetic pulleys, lifting 
magnets and field supplies of synchronous motors. In- 
spection, cleaning and lubrication as outlined for 
wound rotor motors, is followed on rotary generators. 
Additional consideration is taken of the peculiarities 
of commutation, by sanding the commutator, and fit- 
ting brush ends to radius. The authors’ company also 
inspects field rheostat contacting annually. When the 
commutation can no longer be satisfactorily main- 
tained by sanding or stoning, (about five years), the 
armature is taken out of service to turn and undercut 
the commutator, and, clean and revarnish the winding. 

On electronic tube-type rectifiers, it has been found 
that the tube socket insulation and contacts are a 
point of weakness that can easily be controlled by 
cleaning. Tubes are replaced at about rated life. 


Lifting Magnets and Magnetic Pulleys 


On the lifting magnet, used with an overhead elec- 
tric traveling yard crane to unload railroad cars and 
make up cupola charges, the principal item of main- 
tenance is power supply. The disconnect plug contacts 
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Fig. 4— Control circuit proving magnetic pulley excitation. 
Register R is inserted in series with supply conductor, gen- 
erator to pulley. R is adjusted to give a drop of 6-8 volts. 
CR is « two-pole, N. O., 6-volt D. C. relay. Contact CRe 
is inserted in series with stop button of starter for pulley 
mechanical drive. The motor-generator starter will not seal, 
nor will pulley drive start unless CR pulls in. 


and housings are cleaned monthly. The retrieving 
cable reel collector rings and brushes are inspected 
at the same time as the crane trolley. 

The magnetic pulleys are wound, with the coils con- 
centric to the shaft (Fig. 4). Some stray flux flows 
through the ball bearings on the shaft and through 
the steel enclosures. This attracts ferrous dust to the 
bearings and even with the best cleaning that can 
be given these units, bearing life is shortened to about 
two years. The current collector rigging is treated 
much in the same manner as that on a wound rotor 
motor. 


Heating 


The principal electric heating load at the authors’ 
company is a three-phase arc furnace. Many of its 
components fall under classes previously discussed. 
Extra preventives include, semi-annual insulation re- 
sistance tests and chemical cleaning of the cooling 
water system, monthly cleaning of electrode support- 
ing masts, and demand check to prove power factor 
improvement capacitors are energized. 


Lighting 

Reflector cleaning is done about quarterly by per- 
sonnel of the departments in which the lighting is 
located. Lamps (incandescent, mercury vapor and 
fluorescent) are replaced as they burn out. A few 
spare extension cords are kept in those departments 
which need them in their work, obviating the delay 
of waiting for repair of cords damaged in service. 


Signals 


A personnel paging system is pulsed by a small 
motor-driven master-sender and propagated by cas- 
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caded control relays, which derive their power supplies 
near the bell and horn locations. Elements of this 
system are regarded as motors and controllers, main- 
taining as outlined above. 

A railroad siding enters the yard building. Two 
crossings of this siding by interdepartmental gangways 
are warned of car movement by bells energized 
from a switch located at the out-bound end of the 
building. This switch is operated by the train crews 
as they enter and leave. This signal is tested weekly. 

Where lamps are used as signals, the authors’ com- 
pany tries to arrange the circuit so that the lamp is 
normally lighted. Malfunction of the supervised proc- 
ess is then indicated by dark lamp, which also con- 
tinuously proves the lamp itself so long as the process 
system is energized. 


MATERIAL HANDLING 


Here it should be remarked, that all job evaluations 
and standards throughout the plant include a liberal 
time allowance for every man to clean up his work 
area and machine. This is a very worthwhile assist 
to preventive maintenance. All employes are encour- 
aged to report through their supervisors, any unusual 
noises or conditions detrimental to the equipment. 
The maintenance department attends to that cleaning 
where ignorance of hazards or process could cause 
injury or damage. Much of the cleaning of material 
handling units is done by production personnel. Lubri- 
cation is by maintenance. 


Self-propelled Vehicles 


Such machines as: fork lift truck, front end bucket 
loader, dump truck, and gasoline powered sand truck 
are in this category of self-propelled vehicles. 

A very reliable aid to the preventive maintenance 
of this class of equipment is the engine-hour counter. 
Such a clock is connected under the ignition switch 
through an engine oil pressure switch. So arranged, 
it logs engine-hours. This is a very useful guide in 
programming such work, since there is a close rela- 
tionship between engine-hours and every other mo- 
tion on these machines. 

The preventives here consist of engine oil and oil 
filter change; chassis lube, check of hydraulic systems’ 
fluids and filters; air filter, distributor point and spark 
plug changes; battery water level and tire check. Oth- 
er electrical components are treated as previously 
outlined. 

Cooling water level, engine oil level, fuel supply, 
air blow-pipe cleaning, are daily responsibilities of 
the operator. 

At about 3,500 hr, the engine can no longer be 
facilely maintained by these measures, and arrange- 
ments for overhaul and loan truck are made with the 
manufacturer’s agency. It is commonly believed, that 
each engine-hour on an industrial truck is equal to 
40 miles of passenger automobile operation. 


Towed or Pushed Vehicles 


Core oven cars are lubricated with high-temperature 
grease before each bake by production department 
personnel; wheels, axles and bushings are replaced 
as wear becomes excessive. 
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Narrow gage rail cars are lubricated weekly; bear- 
ings, wheel treads and flanges are inspected at the 
same time. 

Rubber-tire wagons, carts, hand trucks, and ladle 
buggies are lubricated weekly; tires and bearings 
inspected for wear. 


Belt and Gravity Roll Conveyors 


On belt conveyors, rubber belts are inspected for 
side seals and tracking, and lubricated weekly. Hot 
sand belts are checked for tracking daily. 

Gravity roll conveyors are cleaned by the depart- 
ments in which they are located. Individual rolls in 
sections of pour-off conveyors which become damaged 
from spillage of molten metal, are repaired by the 
maintenance department. 


Bucket Elevator Boot and Clamshell Buckets 


Bucket elevator boot pulleys are lubricated daily. 
Buckets on prepared green sand elevator, chutes and 
hoppers are cleaned daily by operating department 
personnel. 

Clamshell buckets are lubricated and inspected 
weekly. Lips, operating mechanisms and bushings are 
replaced as wear becomes excessive. 


Molding Machines 


Lubrication and check of jolt action daily. The oil 
level of the hydraulic system, levelling of rollover 
plate (Fig. 5), speed control of rollover and draw 
cylinders, and bunter valve inspected weekly. Exhaust 
examined weekly for presence of excessive oil. Ma- 
chine exterior clean-up daily and pit clean-up as re- 
quired, by production personnel. 

Sand slinger electrical and machine components are 
maintained as explained under those classifications; 
liner and cup changes as required, and daily clean- 
up of elevator buckets and boot are done by the 
operator. 


CRANES AND HOISTS 

There are 26 overhead electric travelling cranes 
which service over 75 per cent of the plant area. 
Fifteen of them are cage or cab operated, the remain- 
der are operated by push-button or rope from the 
floor. Spans range from 15 feet to 70 feet, lifts from 
10 feet to 30 feet, runway lengths from 40 feet to 700 
feet. Capacities are from 1 ton to 15 tons; closely 
matched to the loads which they are required to lift. 

Over a period of years, the mass of the larger cast- 
ings has increased. This has increased the size of 
flasks and weights of sand the cranes must handle. 
During the same time, however, existing cranes were 
up-rated where possible, or relocated from heavier 
to lighter work load areas, and some new cranes 
purchased. 

This is cited as an instance clearly demonstrating 
an essential function of top management in preven- 
tive maintenance. For if the physical facilities are 
“thinly-sized” originally, or not “beefed-up” as the pro- 
cess expands, upkeep will consist of repairs between 
breakdowns, not planned preventive maintenance as 
the term is understood. 





Fig. 5 — The rollover plate is inspected for level weekly with 
a spirit level. 

In addition to the electrical work on cranes already 
delineated (topic 1), cranes are inspected on an 
average 60-day cycle for: collector wheel groove, bore, 
and axle wear; wheel, axle, wheel staff, and lead-off 
wire securance, clearance, and insulation; slider shoe 
groove wear, shoe and lead-off wire securance and 
insulation, and evidence of excessive arcing. Trans- 
verse collector wires are inspected for tension, whip, 
securance and connection of lead-off wire. The limit 
switch is inspected for contact wear, contact lubrica- 
tion if the switch is of segment and finger type, 
freedom of movement and securance of lead-off wire. 

Mechanically; hoisting cable, sheaves, load block 
and hook are inspected weekly for damage and wear 
(Fig. 6). Lubrication of bridge drive wheels and idle 
wheels, bridge squaring shaft, trolley drive shaft and 
wheels, cable drum shaft, cable sheaves, check of 
bridge brake hydraulic fluid level are done weekly. 

There are also 20, one-ton “package” hoists, cap- 
tive to a machine or work station. Although all; of 





Fig. 6—Crane hoisting cables and loading blocks are in- 
spected weekly for damage or wear. 
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the precautions mentioned are followed, occasionally 
a load becomes fouled with the power supply cord 
tearing it out of the hoist. It is then faster to substi- 
tute another hoist than to repair it on location. 


MELTING EQUIPMENT 


The principal melting units are 2 No. 8 cupolas 
lined down to 54 in., operated in daily alternation, at 
a melting rate of about 10 tons per hr. Refractory 
maintenance is daily by the melting department using 
the “cupoline-bondactor” process. Gun, guntips, hose, 
hose connections, agitator parts, valve or door seals 
are kept in stock and replaced as they wear. The 
only items of lubrication here are the agitator air 
motor, which is oiled daily, and the agitator gear box, 
which is inspected monthly, lubricant being added as 
required. 

Combustion air is supplied from a positive displace- 
ment blower instrumented with air-weight control. 
Blower lubrication is inspected daily. Blower internal 
clearances are gaged annually. Instrument air piping 
is cleaned annually by compressed air, blowing away 
from the instrument. The instrument is worked over 
semi-annually by contract arrangement with the man- 
ufacturer’s service department. The diaphragm oper- 
ated butterfly spill valve of the air weight control 
system is inspected monthly for integrity of linkage. 

Hopper of metallic charge scale is lubricated week- 
ly. This scale and coke scale are tested and adjusted 
semi-annually under contract with the scale manufac- 
turer’s service organization. Charging buckets are used 
in pairs for which there are spares. As they depreciate 
they are repaired by electric welding. Cupola shell, 
wind-box, and air passage tears are repaired by elec- 
tric welding on the off day of the cupola. 

Reservoir and pour-off ladle trunnions are greased 
daily. Gear box lubricant level is inspected weekly, 
ladle bails daily. Cupola bottom doors and door posts 
are kept in stock. 


FUEL BURNING APPLIANCES 


The natural gas service used in the plant originates 
at the utility company’s meter-regulator station, where 
pressure is reduced to 1 psi, enters the plant, and is 
radially distributed through a piping system with sizes 
tapering toward the extremities. Most appliances are 
re-regulated to a pressure range of 2-6 in. W. C. 

The principal preventive with gas consuming equip- 
ment is cleaning combustion air passages. Twice a year 
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blower impellers and scrolls, piping, air flow switches, 
pressure switches, diaphragm operated butterfly valves, 
slide gates, mixers, manifolds and burner tips are blow 
gun cleaned. In certain instances where this is insuf- 
ficient, components are disassembled and _ solvent 
cleaned. 

It has been the company’s experience that dirty 
passages reduce input, cause erratic temperature 
control, and induce spurious response in the elec- 
tronic flame detecting devices, that slugs of dirt in 
the flame are interpreted by the electrode as a ground 
and unnecessarily shut down the burner. 

Particular attention is paid to lighting and pilot 
burner mountings and flame adjustments, to insure 
prompt ignition of the main flame. Electron tubes of 
the flame relays are replaced at rated life. Operating 
personnel are encouraged to perform normal shut-offs 
by closing the manual valves, thus proving the safety 
system. 

Gas space heaters using finned and tubular heat 
exchanges are cleaned yearly. Pilots are extinguished 
and main flames subjected to ninety seconds maximum 
count down. 


COMPRESSED AIR 


Compressed air supply is from two .25 h.p. syn- 
chronous and one 75 h.p. induction, integral motor 
driven two-stage compressors, each with individual 
aftercooler and receiver. Units are of the total un- 
load electro-pneumatic control type. Pressure switch 
ranges are set at 102 psi-95 psi, 100 psi-93 psi, and 
98 psi-90 psi, commencing from the newest machine. 
They are switched on and off the line by schedule. 

The outstanding preventive here is lubrication. 
Crankcase oil is changed on a 30 day routine. Force 
feed lubricators to top of cylinder, crankcase oil lever, 
trapped condensate drains of intercoolers, interstage 
pressure and receiver condensate bleeding are 
checked daily. 

Lead machine valves are worked over at 8-month 
intervals, the others annually. Intake air filters are 
cleaned monthly. Distribution piping is uncapped 
and blown out at the extremities yearly. Semi-annual 
tests are made of system capacity and losses. 

In conclusion, all of the foregoing was much more 
aptly stated by Ben Franklin when he said “A stitch 
in time, saves nine”. For if all troubles are little ones, 
the big ones can be prevented; and if these are pre- 
vented, there is no failure. 
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ESTABLISHING AN EFFECTIVE PREVENTIVE 
MAINTENANCE PROGRAM 


By 


W. Huelsen* 


Good maintenance is a philosophy, not an after- 
thought. Unfortunately, maintenance people are too 
frequently considered as not contributing directly to 
the manufacture of the finished products of a compa- 
ny, hence are considered overhead. The only reason 
for existing then is to provide the manufacturing 
department vith the service necessary to get the 
maximum utilization of all equipment available. 

A maintenance department can have either of two 
philosophies: 1) to repair equipment when it breaks 
down, or 2) to maintain the equipment to prevent 
and minimize breakdowns. The old philosophy, the 
repairing of equipment when it breaks down, is really 
maintenance by crisis or simply waiting for equip- 
ment to break down, and then doing only enough 
repair work to get it in some semblance of operating 
order until more time is available to do a better job. 
The new philosophy, the maintaining of equipment 
to prevent or minimize breakdowns, is much more 
difficult because it requires careful thought and plan- 
ning for effective operation. 


A GOOD PREVENTIVE MAINTENANCE PROGRAM 
IS A MATTER OF LOGIC 

The establishment of a good preventive mainte- 
nance program requires the planned application of 
the logical steps that should be taken when the old 
philosophy of maintenance by crisis is in effect. 

These logical steps are: 1) to fix the equipment af- 
fecting the greatest number of people when two or 
more breakdowns occur at the same time, 2) when a 
piece of equipment gives trouble periodically, check 
it over at regular intervals to see what condition it is 
in, 3) if a part wears out rapidly or breaks easily, 
design and make a better new part, and 4) make 
notes and sketches on how a job is done, when to 
do it or how much it costs, and file them for future 
reference. By clearly stating the logical steps of the 
old philosophy of the maintenance by crisis sequence 
into four basic goals to be accomplished, a preven- 
tive maintenance program begins to emerge. 

First, list the pieces of equipment in each depart- 
ment or operating area in the order of their impor- 
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tance or, more simply, list the equipment that will 
idle the most people when it breaks down, in a de- 
scending order. Second, set up a regular routine for 
checkups, repairs and general overhaul of equipment. 
Third, follow through on step two with design changes, 
such as heavier duty parts improved material specifi- 
cations, standardization of parts or pieces of equip- 
ment, maintenance instruction sheets, and assembly 
drawings. Fourth, keep only those records that are 
necessary for efficient operation. 


UTILITIES ARE MOST IMPORTANT, 
CHECK THOROUGHLY 

When enumerating the equipment most important 
in each operating area or department, utilities must 
head the list because without them very little else 
can operate. They include electric power, gas, water, 
compressed air, heat, sewers, and fire protection sys- 
tems. 

The first thing to know for good maintenance of an 
electric-power system*is the total connected load, 
demand factor, and power factor. These same things 
should be known or measured for each main circuit 
in the plant. This will insure that transformers, trans- 
mission lines, and electrical equipment are not dam- 
aged by an inadequate power supply and distribution 
system. 

Gas, whether natural, manufactured or bottled, is 
being used more extensively throughout the foundry 
industry each year. It goes without saying that the 
gas supply lines must be checked periodically for 
leaks. Various state and local laws and fire insurance 
underwriters require certain protective devices on 
both the distribution system and on the gas-burning 
equipment. These protective devices should be thor- 
oughly checked and tested as recommended by your 
insurance underwriters. All gas outlets should be color 
coded or tagged so they may be easily distinguished 
from compressed air or water lines. 

Compressed air is an expensive and an important 
source of energy for almost all foundry operations. It 
takes approximately 5-1/3 compressor horsepower to 
generate the 100 psi air lost through a 1/8-in. diam- 
eter hole. A good way to check the efficiency of the 
compressed-air transmission system is to record the 
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Fig. 1 — Scheduling board for preventive maintenance program. 


power consumed by the compressor in satisfying the 
air leaks during a non-operating shift. 

The compressed air system efficiency can be simply 
calculated by the following formula: 


E = Fr—Fe y 109 
T 
Where: E = System efficiency. 
Py = Total power supplied to the compressor 
during production. 
P, = — supplied to the compressor for 


The true cost of air leaks in dollars can then be 
calculated by: 


(100 ers E) (Cy + Cy) 
100 





Where: Cy = Total compressor power cost per year. 
Cy, = Total compressor maintenance cost per 
year. 
In any case, the power consumed by the air com- 
pressor to supply leaks should be recognized as part 
of the plant maintenance cost. 

Air compressors should be located in a separate, 
clean, well-lighted, and ventilated enclosure. There 
should always be enough capacity to supply the re- 
quired volume at the proper pressure the year 
around. It is also desirable to have a standby unit 
available when one compressor breaks down. When 
a standby compressor is available, it should be oper- 
ated at least once each week for a sufficient time to 
keep it in good working order. 

Water is our most plentiful and least costly natural 
resource, but it should not be wasted. Water is used 
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in innumerable places for industrial processes, human 
comfort, and consumption. This supply can be most 
easily maintained by installing loops throughout the 
foundry building so that water is continuously fed 
into both ends of the system. 

Water supplies for fire protection should be in- 
stalled, tested and maintained according to the local 
building code and recommendations of your own fire 
insurance underwriting company. This is a most im- 
portant maintenance function because even though 
no one may be hurt, a fire can bankrupt a company 
and cause great losses to its employees and the com- 
munity. 

Another important class of plant equipment is the 
machines that service a large number of people. This 
group includes such things as melting furnaces, cupo- 
las, cranes, sand mixers, sand distributing systems, 
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ovens, conveyors, blasting machines, and trucks. The 
relative importance of equipment in this group will 
vary for each foundry, depending upon its type, size, 
class of work, and methods of production. 


PLAN FOR PREVENTIVE MAINTENANCE 


In order to properly plan a preventive maintenance 
program, take each individual machine and assemble 
all of the maintenance information available on that 
machine. This information should include parts lists, 
lubrication, operating, and maintenance instructions. 
All of this information is usually supplied when the 
equipment is purchased, but if it was not supplied or 
has been misplaced, extra copies should be available 
from the various equipment manufacturers, on re- 
quest. Many of these companies also have servicemen 
who consult on individual problems and will help 
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set up a good preventive maintenance program for 
equipment of their own manufacture installed in the 
purchaser’s plant. 

Other information that should be collected on each 
piece of equipment will include both full- and no- 
load motor amperages, speeds, pressures of gas, water, 


air and hydraulic fluids, and damper, valve or timer 
settings. If this information is obtained during normal 
operation, it can be compared to the same data taken 
when the equipment is operating improperly and can 
help pinpoint the actual trouble. 


DESCRIBE INDIVIDUAL JOB AND ESTABLISH 
INSPECTION FREQUENCY 
After studying each piece of equipment, list the 
items to be checked and the time interval between 
checks. As each item is listed, notes on how the 
check or adjustment is to be made, complete with 
all of the information available on the machine per- 
formance and wear limitations, should be included. 


INSPECTION AND MAINTENANCE RECORD CARD 
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In setting up a preventive maintenance program, 
it is best to start inspections and adjustments at 
frequent enough intervals to insure that major break- 
downs do not occur just because they are too in- 
frequently done. As experience is gained, the time 
interval between inspections can be readjusted ac- 
cordingly. 

Figure 1 shows a scheduling board that can be used 
for efficient operation of a preventive maintenance 
program. Each machine should be surveyed, as pre- 
viously mentioned, and the individual items to be 
checked are listed on a “Maintenance Job Description 
Sheet” (Fig. 2) which shows the machine number, 
location, machine make, model and serial number, 
frequency of check, and the shift that checking is to 
be done on, plus the normal time allotted for per- 
forming the work outlined. At the bottom of the job 
sheet a space for notes on reference material is also 
available. A descripion of the work to be performed 
is given in sufficient detail so that it can be thorough- 
ly understood by the repairman. 

Every effort should be made to restrict the work 
to only one craft per job sheet. If two or more crafts 
are required to perform the work outlined, then a 
separate description should be given for each craft 
involved with appropriate cross referencing between 
job sheets. This sheet is assigned a number and a 
letter denoting the craft involved and a round card- 
board, metal edged tag or tags with a corresponding 
number is made for the scheduling board. Different 
colored tags are used to denote which shift is assigned 
the work described on each job card. 

Each maintenance job description sheet becomes 
a permanent record in the maintenance files. These 
sheets are cross indexed on the inspection and mainte- 
nance record cards for each machine or piece of 
equipment (Fig. 3). These cards list all of the repairs 
and inspections made on a particular machine, the 
date on which each was performed, the shift, and 
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by whom it was done. Other pertinent data, such as 
the time required to perform the job and the labor 
and material costs, are also entered. 

A duplicate copy of each maintenance job descrip- 
tion sheet should be made and placed in an enclosed 
plastic envelope. This copy will be given to the main- 
tenance craftsman who performs the work outlined. 
When the work is completed the maintenance man 
will return the job sheet to his supervisor so that 
it will be available for future use. 

The typical maintenance scheduling board (Fig. 
1) is divided vertically into four monthly periods of 
81 days each. Horizontally, the equipment is listed 
by category such as air hoists, core blowers, gear re- 
ducers, sandmixers, etc. On the right hand side of 
the equipment list are 12 additional vertical columns, 
one for each month of the year for jobs scheduled at 
intervals greater than three months. 

The round, colored, cardboard, metal-edged tags, 
previously explained, are hung on the row of pegs 
horizontally in line with the proper equipment cate- 
gory. If the work is to be performed during the four- 
month period on the left hand side of the board, the 
tag is hung on a peg under the day of the month on 
which it is to be done. If the work is to be performed 
later than the four-month period on the left hand 
side of the board, the tag is placed under the proper 
month on the right hand side of the board. 

As an example, the gear reducer listed on the main- 
tenance job description sheet in Fig. 2, requires that 
the oil be changed every three months. When this 
job was scheduled for Jan. 15, the oil was changed 
in this gear reducer, tag number 8L (L is for lubrica- 
tion) (Fig. 1) was assigned and moved ahead three 
months on the maintenance scheduling board to April 
15. Since this unit operates on the first and second 
shift, a green tag is used which designates that the 
work is to be done by the third shift. On April 15, 
tag 8L will show on the scheduling board and a job 
ticket will be made out and given to the lubricator 
along with the maintenance job description sheet. The 
lubricator performs the work, records pertinent in- 
formation, signs the job ticket when completed, and 
returns it to his supervisor along with the job sheet. 

The supervisor then records on the record card 
(Fig. 3) “Oil changed 4/15/57—Smith, 0.50 hr, $1.08 
labor cost” to provide a brief but complete history on 
the routine inspection and repairs for this machine. 
The supervisor also moves tag 8L three months ahead 
on the scheduling board to July 15. Note that the 
month of July will not appear in the correct left to 
right order on this board, but as each month is 
cleared of scheduled jobs, a nameplate for a new 
month is hung above the vacated month. 

If the job frequency in this example was four 
months instead of three, the tag would be hung on 
the right side of the board under August until that 
month appeared on the left when April was cleared. 
Job frequency and time notations on the backs of 
the tags allow temporary job deferment decisions to 
be made by the supervisor in order to balance the 
daily work load for each maintenance craft. 

The maintenance scheduling board, plus the addi- 
tional record keeping, may seem a bit elaborate to 
operate, but the useful returns are impressive. The 


Fig. 4 — Motor location board. 


experience of the author’s company with a similar 
scheduling system has resulted in a 90 per cent reduc- 
tion in maintenance repair cost on gear reducers 
alone. In addition, the maintenance scheduling board 
enables us to balance the daily work load for each 
craft represented. 


MAINTENANCE RECORDS SHOULD HAVE 
A USEFUL PURPOSE 

Records kept by the Maintenance Department 
should be only those that will be useful in its func- 
tion of providing efficient maintenance service to the 
various departments for which it is responsible. 

In addition to the maintenance record cards pre- 
viously described, a daily record of machine down- 
time, its cause, and the man hours lost is a useful 
means of checking the efficiency of the preventive 
phase of the maintenance program. It can also indi- 
cate the need for adding equipment not already in- 
cluded in the present maintenance scheduling system. 

A monthly expense record of each machine sepa- 
rated into labor and material costs can be helpful to 
both the maintenance department and executive man- 
agement. If the labor and material expended on each 
piece of equipment by the preventive maintenance 
program each month shown on the maintenance rec- 
ord card (Fig. 3) accounts for almost the total repair 
cost of that equipment per month, then the preven- 
tive maintenance program is effective. As the main- 
tenance cost keeps increasing with the age of a 
machine, top management can determine when that 
machine has outlived its useful life and is no longer 
profitable to operate. 

Records of machine parts, spare units, and mate- 
rials should also be kept on file in the maintenance 
office. These records should show the name of the 
part, the equipment on which it is used, its location, 
the exact ordering description, and the unit cost. 


VISUAL RECORD BOARD FOR SPARE MOTORS 


The author’s company has successfully used a motor 
location board (Fig. 4) for several years as a part 
of our machine record-keeping system. This board 
includes all motors according to horsepower, type, 
speed, and frame size that are used in the foundry 
area. A yellow tag giving the company assigned num- 
ber, motor rating, the motor location, and date of 
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installation is made for each motor currently in use. 
The yellow tags are hung on pegs in the column 
labeled “Installed”, and opposite the proper motor 
rating given in the column on the left-hand side of 
the board. Spare motors are assigned a white tag 
giving the same information as the yellow one except 
in place of the machine location and installation date, 
a rack location in the motor storage area is given. 

The white tags are hung in the column labeled 
“Storage” opposite the proper motor rating in the 
left-hand column. Motors that are out for repair have 
red tags assigned to them giving the motor rating, 
where they are being repaired and when they were 
sent, and are hung in the column labeled “Repair” 
opposite the proper motor rating. 

As the status of a motor changes from installed, 
to repair, to storage, a different colored tag is made 
and hung on a peg in the proper olumn opposite 
its rating. This board provides a rapid visual 
means of checking the status of each motor used 
in the foundry area. This same type of board can 
also be used for gear reducers and hoists. 


ENGINEERING FOR PREVENTIVE MAINTENANCE 


The foundry engineering section can make an im- 
portant contribution to the overall effectiveness of the 
maintenance program when routine inspection indi- 
cates the need for major repairs at relatively short 
time intervals. Engineering will also be a decided 
help when certain types of failure or wear are repeti- 
tive or when failures occur that result in large man- 
hour losses of productive labor. 

The foundry engineering section should begin its 
examination of a machine or equipment breakdown 
by determining whether the part that failed was the 
cause of the breakdown or the effect of a totally 
different cause. For example, when a stepped shaft 
breaks, the effect is the break, but the lack of a 
sufficient fillet between the steps or lathe tool marks 
in a sufficiently large fillet, may be the cause of the 
failure. Always examine part failures and the parts 
themselves for cause and effect, keeping in mind that 
the effect is always readily apparent, but the cause 
frequently is not. 

After the real cause of a failure has been deter- 
mined, the most appropriate remedy should be ap- 
plied. The remedy can be in the form of design 
changes, or better material specifications, if the failure 
is purely a mechanical one. When failures occur due 
to human error, the most effective remedy is to make 
certain that the persons responsible for the actual 
routine inspections and repairs thoroughly understand 
what they are doing. Maintenance instruction sheets, 
cross-sectional drawings, assembly drawings, and pho- 
tographs provide good reference material and visual 
aids to the maintenance personnel. 

Maintenance reference material should be readily 
accessible and conveniently located for all repairmen. 
One successful method of making this material acces- 
sible in the shop area is by placing it under plastic 
covers on flip boards in the maintenance shop. In 
the foundry, reference material in booklet form should 
be located in a clean place on or near the equip- 
ment it applies to, or it can be issued along with 
the job ticket and maintenance job description sheet. 


Preventive Maintenance 


ENGINEERING STANDARDS ARE AN IMPORTANT 
PART OF THE INSPECTION FOLLOW-UP 

When the engineering section successfully solves 
one problem it should examine all similar equipment 
or service conditions to determine if a standard can 
or should be applied in the design of future installa- 
tions or the redesign of present ones. Engineering 
standards, when properly applied, can result in im- 
portant reductions in both maintenance costs and 
spare parts inventory costs. 

For instance, in our plant we design for certain 
specified shaft diameters on all belt conveyor and 
belt elevator installations. The range of shaft diame- 
ters specified is sufficient to cover all service condi- 
tions yet keep the number of different diameters 
small. This enables us to always maintain some shaft 
material of each diameter in stock since each is 
widely used and always in demand. We also benefit 
by having fewer inventory dollars invested in bearings 
and pillow blocks for the same reason. 

Standardization of parts, machine components, 
whole machines, and engineering designs are not 
only advantageous from the standpoint of saving in- 
ventory dollars, but they also pay dividends because 
the maintenance personnel will have fewer different 
pieces of equipment to become familiar with, hence 
they will know each one more thoroughly and be 
able to do their work more efficiently. Familiarity 
with equipment means more rapid repairs with less 
likelihood of errors on the part of the maintenance 
man. 

Engineering standards cannot be strictly adhered 
to in all cases, but they will serve to focus attention 
on necessary or desirable exceptions to the established 
standard. These exceptions may be of such a nature 
that it is desirable to have them included in the 
original standard or else set up in an additional 
standard. 

A good set of standards requires thorough study 
and analysis of both existing equipment and past 
machine and material failures, plus sound engineering 
practice, and a liberal amount of plain horse sense. 

The first step in establishing engineering standards 
is to list your present equipment by categories, such as: 


. Power transmission equipment. 
2. Conveyor and elevator belting. 

. Cranes and hoists. 

. Electric motors. 

. Electrical controls. 

. Hydraulic equipment. 

. Roller conveyor. 

. Powered conveyor. 

. Sand Mixing equipment. 

. Shakeout machines. 

. Core machines. 

. Molding machines. 

. Oven and furnace equipment. 

. Dust collectors and fans. 

. Hand tools. 

. Material handling equipment. 

. Blasting machines. 

Grinders. 
. Tumblers. 


Then take each category separately and break it 
down into its component parts, such as shown in 
Table 1. 

Now make a survey of all of the flexible couplings 
used in your foundry. For each coupling, list the 
manufacturer, model, size, bore, keyway, price, and 
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location where it is used. The first thing that will be 
apparent when this survey is completed is whether 
there are different keyway sizes in otherwise identical 
couplings. This can be taken care of by re-designing 
the shafts on which they are used. In some special 
cases, a stepped key may be more practical. Standard- 
ization of shaft sizes, as previously mentioned, should 
be done at the same time keyway sizes are being 
changed. 

Next, group all of the couplings together that are 
of identical bore, keyway, and transmission capacity, 
but made by different manufacturers. Select one or 
two types of couplings that will best suit all of the 
service conditions throughout your foundry and stand- 
ardize on them. If the price differential is small be- 
tween adjacent sizes of the same coupling, consider 
using fewer sizes to further reduce the spare parts 
inventory required. 

This procedure can be followed for all types of 
equipment, but it is readily apparent from the above 
example that the standardization of flexible couplings 
will set off a chain reaction which can affect every 
item listed under “Power Transmission Machinery.” 
Because of this chain reaction, standards must be 
set up on paper first, and applied gradually as equip- 
ment breaks down, wears out, or is replaced. This 
process may take some time to complete, but the 
results, in terms of reduced inventories and increased 
maintenance efficiency more than warrant the effort. 

In the author’s company, this standardization pro- 
gram has been going on for about 15 years. It is not 
yet completed, because about the time one phase is 
done an improved design or new product is intro- 
duced that makes it more economical to revise one 
or more of our standards. If standards were not 
applied in this manner, the door to future improve- 
ments would be tightly shut. Resistance to change 
when better methods or improved products are dis- 
covered is the one pitfall to be avoided in a standards 
program. 


MAINTENANCE IN THE MANAGEMENT ORGANIZATION 


The organization of the maintenance and engineer- 
ing functions in relation to each other and their 
location in the management structure determines, in 
a large measure, how effectively they can contribute 
to the overall plant efficiency. Figure 5 illustrates 
an organizational arrangement designed to give maxi- 
mum effectiveness. 

The foundry manager has the responsibility and 
the necessary authority to make sure that the Plan- 
ning and Production Departments get the engineering 
and maintenance services that they need to function 
efficiently. The foundry eng...eer has the responsibil- 
ity of providing maintenance service to each shift 
and the design group necessary to give the Mainte- 
nance Department the technical assistance it needs. 
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TABLE 1 — SAMPLE OF CATEGORY BREAKDOWN 





POWER TRANSMISSION MACHINERY 
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Fig. 5—A management organizational structure for preventive 
maintenance. 


Under the foundry engineer is the general mainte- 
nance supervisor who has charge of all three shifts 
in the Maintenance Department, but each shift super- 
visor is also responsible for providing for the needs of 
both the preceding and succeeding shifts, thus assur- 
ing continuity of operation. 

It is essential that each shift maintenance super- 
visor thoroughly understands the needs, capabilities, 
and problems of the other two shifts. The resultant 
overall operation of the Maintenance Department 
should be improved by periodically rotating the fore- 
man from the first, to the second, to the third, and 
back to the first shift. If there are two or more foremen 
on each shift, rotate half of them in one order and 
half in the other, but stagger the rotation to assure 
continuity. Shift rotation gives each foreman a great- 
er perspective of the problems involved and minimizes 


“passing the buck.” 


SUMMARY 


The old saying that, “A chain is only as strong as 
its weakest link,” is certainly true in a foundry opera- 
tion. In order to remain competitive within the indus- 
try, foundries are turning more and more to increased 
mechanization and automation. The industry, as a 
whole, is then better able to be competitive with 
other methods of manufacture. Thus, the maintenance 
program must be a strong link in the foundry opera- 
tional chain, because where competition is keen the 
cost of poor maintenance in terms of lost production, 
scrap, rework, and idle manpower can be enough 
to change the accounting ledger color from black to 
red. 





YOUR FOUNDRY AND PREVENTIVE MAINTENANCE 


By 


C. E. Fausel* 


Preventive maintenance might be defined as a de- 
termination of what can be done economically to 
prevent equipment breakdowns before they occur and 
to put the greater portion of maintenance work on 
a planned basis. In other words, a preventative main- 
tenance program consists of doing repair work on a 
pre-determined schedule: rather than when equip- 
ment breakdowns demand that it be done. 

Foundry equipment, left to its own devices, seems 
to have a fiendish ability to do one of the following: 
1. Fail five min after the starting whistle blows. 

2. Shear a 5-cent screw in the first of a series of 5 
machines. 

3. Break down so that maintenance work is required 
on Memorial Day, Labor Day, Christmas, or New 
Year's Day. 

With competition becoming keener each day, we 
foundry people have a dual challenge of improving 
our quality while cutting the manufacturing cost of 
our product. In the last few years, most of our com- 
panies have grown in size, most of our processes 
have become more complex, and I am sure that we 
have all added some form of mechanization which 
a decade ago we felt could never exist. We all rec- 
ognize the importance of conversions as a source of 
business, and perhaps each company represented here 
could be working just a little harder in this area; 
however, as we know, additional conversion business 
means more equipment and mechanization, and 
this in turn requires additional maintenance. 

Maintenance and mechanization are rapidly becom- 
ing two of the most important terms, not only in 
the foundry, but in all industry, ‘and the importance 
they hold today is trivial compared with what they 
will represent five years from now. Whether your 
plant employs 10 people or 1,000 people, if you are 
to meet the challenge in the coming years, you must 
become familiar with these terms and understand 
just what they represent. 

Let us consider for a moment a large company, not 
a large producer of castings, but whose thinking 
parallels ours in many ways. At the present time 
this company employs some 220,000 people, and they 
estimate that by 1964 they will need 450,000 workers, 
or a 100 per cent increase in order to meet produc- 


*Manufacturing Supt., Central Foundry Div., General Motors 
Corp., Danville, Ill. 


tion demands at their present level of output; yet the 
best they can hope for is an 11 per cent increase in 
the national labor force. 

Since this same 11 per cent figure applies to the 
foundry industry, it appears that the only solution 
is mechanization. As we mechanize, we can realize 
a savings from our investment only if we keep the 
equipment running at all times with the least amount 
of expense. This, of course, requires maintenance; 
not the bailing wire type we have all been used to in 
the past, but maintenance by skilled trades people 
who are well-trained, well-equipped, and above all, 
supervised by specialists. 

At the present time, about 8 per cent of all workers 
in industry are maintenance workers. As mechaniza- 
tion increases, so will demands for maintenance and 
maintenance personnel. In the petroleum industry 
for example, maintenance workers represent 50° per 
cent of the total employment. 

In order to give you a clear-cut picture of preven- 
tive maintenance, it will be necessary to tell you 
how the author’s company approaches this activity, 
what has been started in this field in order to keep 
the equipment effective, and what each employee 
can do to meet the challenge ahead. As foundry 
operations go, the plant in Danville is quite large. 
You may say to yourself, “Well, this is impractical 
for our size foundry”; however, I believe that if you 
look at the basic thinking and principles utilized in 
the author's company’s program, I am sure you will 
see that they are practical for any size foundry. 


PROGRAM INITIATION 


Before going any further, I would like to tell you 
a little bit about the organization. The Danville plant 
is one of three plants comprising this foundry division. 
The other two plants are located at Saginaw, Mich. 
and Defiance, Ohio. At the Danville plant there are 
two foundries, one pouring gray iron and the other 
malleable iron, and this operation necessitates two 
production shifts and three maintenance shifts each 
day. 

A few years ago, the maintenance department was 
found becoming more and more like a fire depart- 
ment, in that it was continually running to break- 
downs, repairing equipment on production shifts, 
and on many occasions, just in time to run to the 
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next breakdown. As you know, in a situation such 
as this, you get little constructive work done and 
you usually end up with a foundry that has more 
downtime than productive time. 

In order to stop this merry-go-round, a controlled 
maintenance or preventive maintenance section was 
instituted within the department. The necessary ad- 
ministrative equipment was set up, and an additional 
foreman and two clerks were hired for the section. 
Naturally, mistakes were made in the beginning, but 
it was not long before it was seen clearly that this 
method of operating and controlling of the mainte- 
nance department from an administrative section 
within it was beginning to pay dividends. Downtime 
decreased to the point where there actually was time 
on the third shift to change equipment before it 
broke down. 

In setting up such a program, there were many 
areas that were necessary to cover. So, in order to 
get something workable, the controlled maintenance 
program was divided into five areas, in which it was 
felt the most immediate gains could be received. The 
five areas included: 

1. A lubrication program. 
2. An air cylinder program. 
3. A truck program. 

4. An inspection program. 
5. Department service. 


THE LUBRICATION PROGRAM 


Lubrication has been probably the most over-looked 
operation performed by a maintenance department, 
and yet it is one of the most important. We all 
know that to keep two sliding surfaces from direct 
contact an oily film must be present, yet each year 
many of us spend thousands of dollars on new bear- 
ings and machine downtime in our plants because 
we have failed to set up a complete lubrication pro- 
gram to provide this basic oily film. 

For a good lubrication program, the author’s com- 
pany feels that you should do these three things: 
1. Set up a lubrication file. 

2. Provide good clean greasing equipment for your 
greasers. 
3. Sell the greasers on the importance of their jobs. 

In setting up the lubrication file, first survey all of 
the equipment, and then list each main piece of 
equipment and sub-list its component parts. To 
make the file workable, it was necessary to code the 
types of greases used, the days of the week, and the 
individual greaser (Fig. 1). In Fig. 2 you can see 
what the master lubrication file looks like, and of 
course, this file is used to make up the greasers’ 
schedule. As you can see, each component is listed 
on a slide-out strip which allows new equipment to 
be inserted into the file. 

Figure 3 represents the actual work sheet or rout- 
ing which each greaser is given at the beginning of 
his shift. By following this sheet, he cannot miss 
equipment, or grease it improperly. This system, of 
course, takes considerable time and effort to establish, 
but once in use it is as foolproof as the dip-stick 
in your automobile crankcase. If you heed what it 
Says, you cannot burn out a bearing. 


EXAMPLE: 


OSSS6S 28 2-15 


CIRCLE - Denotes the day of the week 


GREASERS EMPLOYED BY PLANT 
NO. 1 GREASER S 
NO. 2GREASER (X), 
NO. 3GREASER = 28 
"A" UNIT MAN & 


- Denotes the type of.oil or 
grease 


2 - Denotes the number of zerks 


15 - Denotes the-number of pumps 
Fig. 1 
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Fig. 2 
MONDAY 
“C” SHIFT LUBRICATION SCHEDULE-NO. 1 GREASER 


Type of Oil Zerks- Initial 
or Grease Pumps 





Equipment 





333-7B ents 


n Conveyor 
Head Be earings 28 2-15 


Tail Bearings 28 2-15 

Wheels Spray 

Sprockets (Drive) p Spray 

Chain (Drive) Spray 
333-8C Belt Under Sand Storage Bins 

Head Bearings 28 2-15 

Tail Bearings 2-15 

Rollers and Idlers 2-3 

Sprockets (Drive) Spray 

Chain (Drive) : Spray 
333-10A Wet Sand Elevator 

Head Bearings 2-15 

Tail Bearings 2-15 
333-12C Dry Sand Elevator 

Head Bearings s 2-15 

Tail Bearings 2-15 
333-14 Inclined Spelt From Elevator 

Head Bearings 2 2-15 

Tail Bearings 2-15 

Rollers and Idlers 2 3-3 
Clean all zerks thoroughly before applying grease gun to fit- 
tings and remove excess grease to prevent fire hazards. 





Fig. 3 
AIR CYLINDER FAILURE REPORT 


Cylinder Number: 502 
Date Removed: 4-4-58 
Location: 5 & 6 Conveyor Lip Jack Cylinder 
Reason For Removal: Blowing By and One Stay Rod 
Broke 
2-4” Leathers 
1-Tie Rod and 1/2 Hex Nut 
1-Back Head 
Resiveemenh Cylinder’s Number: 510 
lwright’s Initials: 





Repair Data: 





Fig. 4 














THE AIR CYLINDER PROGRAM 


At the author’s company much of the mechanized 
equipment is powered by air cylinders. And even 
before the preventive maintenance program was in- 
stituted, it was recognized that here was the weakest 
link in the production chain. Possibly, in some of 
your plants, you too may have a similar item that 
invariably is your weak link, and if you do, it is sug- 
gested that the following procedures be used as 
guides as a means of strengthening your production 
chain. ‘ 

Figure 4 is a cylinder failure report. Not only 
is it made out each time a failure occurs, but it is 
also used at the beginning of a program as informa- 
tion on which you can base the “life-span” or “change- 
out” period on the equipment it represents. The au- 
thor’s company also uses it to prove or disprove the 
accuracy of the “change-out” period, simply by the 
fact that if failures continue the “change-out” period is 
too long. If there is never a failure report, possibly the 
period is too short. 

Figure 5 shown above, is an index card used to fol- 
low the changes on a piece of equipment, and also 
used by the maintenance clerk to schedule the chang- 
es. Note on the bottom of the card the numbers 1-12 
which indicate the month and the numbers 1-31 which 
indicate the day. The tab, of course, tells when the 
next scheduled change is due. Using this information, 
the clerk makes out a job ticket as shown in Fig. 6, 
which is the “action” necessary to prevent breakdowns 





JO6 ICKET 
Nemo DILL 
Date Sched. 4-12-58 shift 1st _ 





Charge te: __212 























Date Sterted 4-12 Time 12:10 

Date Finished 4-12 Time 12:50 

Yes No 

Are quards and covers replaced? oOo 

Yes No 

Proper protection installed H__0 
Yes No Fig. 6 

Area cleaned up p<] 0 

No 

Unused material returned ¥ is 

Yes No 

's equipment safe to operete?_ ial 





JOB LOCATION 
#6 AUTOMATIC SHAKEOUT 








JOB DESCRIPTION 
Remove Drag Sweep Cylinder 


__ SCHEDULED CHANGE _.__ 
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and a basis on which the maintenance work is 
planned. 


THE TRUCK PROGRAM 


Regardless of how many conveyors the author's 
company uses, or how mechanized the company be- 
comes, we feel sure that for many years plants will 
still be dependent on trucks as the prime source of 
movement for raw materials and products. Truck main- 
tenance is reportedly the most costly of all repair 
work in many plants, and in order to reduce this 
cost, it is necessary to keep these trucks carrying a 
payload throughout the operating shifts. To do so, 
inspections must be performed and minor components 
replaced periodically on a set schedule before major 
breakdowns occur. 

One of the most preventive measures is the sched- 
uled oil change. It is very difficult, if not impossible, 
to keep an engine from “breathing” in dirt, and the 


TRUCK INSPECTION PROGRAM 1958 

Date Truck Date Truck 
Se fF 3 » Feb. 3 30° 138° 3 19 
» 2 6° 34 2 4 6° 34 2 
6 14° 3° 20 38 5 iw SS 20 38 
Ta. SF 21 2 «ae uae 
8 7 

10 








Jan. 


18° 11° 24 62 


18° 11° 24 62 
58° 4° 27 29 


9 53° 4° 27 2 


10 22° 16° 28 36 11 22° 16° 28 36 
13 31° 8° 35 64 12 31° 8° 35 64 
4 Ss!) 617° 8. is i if § & 
be 2 & 2 14 63° 3° 25 40 
16 23° 19° 30 13 17 23° 19° 30 18 
i ae ee ee ae ee Se 
20 20° 38° 14 5 19 20° 38° 14 5 
a ele” - oT 2° &@ & 
22 24° 62° 18 iil 21 24° 62° 18 il 
23 27° 29° 58 4 24 27° 29° 58 4 
24 28° 36° 22 16 25 28° 36° 22 16 
27 35° 64° 31 8 26 35° 64° 31 8 
| ee ee Be a ea Be 
29 25° 40° 638 3 28 25° 40° 638 3 


25° 40° 638 3 


Mar. 5 30° 13° 238 19 Apr. 
y 30° 18° 238 19 


12 58° 4° 27 29 10 18° 11° 24 62 
138 22° 16° 28 36 in £ 2: 
14 31° 8° 35 64 14 22° 16° 28 36 
iy oF 2.3} | a 15 31° 8° 35 64 
18 63° 3° 25 40 oi 8s & 
19 28° 19° 30 18 17 63° 3° 25 40 
ee er a. 18 23° 19° 30 138 
Zl 20" 38° 14 5 —— -. 2... 
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25 24° 62° 18 11 33 7°, 21° 33. 
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Foundry Preventive Maintenan:e 









=> Om DM & #4 


Sp 4 PA 


Fi 











C. E. Fausel 


only damage preventive measure we can take in this 
area is a frequently scheduled oil change. Figure 7 
shows a schedule that facilitates the timely arrival 
of trucks at the garage area. Jf, in Fig. 7 you will 
follow truck No. 30, you will see that it is scheduled 
for a complete inspection once a month, and a lube 
and oil change twice a month. Figure 8 is the check 
sheet used by the mechanics to inspect the major 
component of the truck. These items are not picked 
at random, but are in a priority order, according 
to the number of failures occurring during a one 
year period. 

Figure 9 is a check sheet kept on the truck and 
used as a daily inspection by the individual truck 
driver. This sheet is turned into the maintenance 
department weekly. Figure 10 shows a typical job 
ticket, indicating job performed, time taken, and 
material used. This information is transferred each 
month to a truck record card, as in Fig. 11, which 
is maintained to analyze cost and breakdowns, and 
which can also be used to justify the purchase of 
new equipment. 


THE INSPECTION PROGRAM 


A good thorough inspection system is the founda- 
tion for any successful preventive maintenance pro- 

















MONTHLY SCHEDULED MONTHLY SCHEDULED 
TRUCK ELECTRICAL TRUCK MECHANICAL 
MAINTENANCE MAINTENANCE 
Truck Inspection Truck Inspection 
Date 4-3-58 Date 4-3-58 
Truck Truck 
Number #6-110 Number #6-110 
Hoist 
Controller O.K. Steering O.K. 
Hoist Brushes 
Motor Replaced Brakes New Shoes 
Travel 
Controller O.K. Axle O.K. 
Travel 
Motor O.K. Hoist O.K. 
Horn Wires Replaced | Fan O.K. 
Main 
Generator Radiator O.K. 
Brushes, Volt O.K. 
Foot 
Switch O.K. Platform O.K. 
Limit Spring 
Switch Replaced Hanger 
Bolts O.K 
Battery Points 
Charger O.K. Plugs 
Motor Generator O.K. 
Starter O.K. Frame O.K. 
Battery O.K. Controls O.K. 
Wiring Horn Wires Hour Meter O.K. 
Insulation-Worn 
Off 
Fig. 8 
Truck No. 28 


Fig. 11 
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gram. Basically, such a program should follow this 
general pattern: 
1. Set up a scheduling system. 
2. Provide job instruction forms. 
3. Maintain records. 

A big help in setting up a scheduling system is a 
card index file. The system should be simple and 
compact great quantities of information in a small 


WEEKLY TRUCK REPORT 


TRUCK #30 DATE 4-25-58 
Wed Thur Fri Sat Sun Comments 
1238 128 1283 138 138 
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efficient space. By reading the indicator tabs each 
day an unskilled clerk should be able to schedule 
many skilled people to their jobs of preventing down- 
time. The system should be a little bit like the old 
method of tying a string around your finger so that 





PREVENTIVE MAINTENANCE INSPECTION ROUTING 
All Driers Mechanical 

Time Required 20 Minutes Date 

Location Check Only Items Inspected When 


Used On Operating Shift 
i Off Remarks 

















1. Check speed reducer at high 
oil level plug for oil 


2. Check speed drive bearings 
for wear and lubrication 





8. Check trunnion bearings for 
wear and lubrication 





4. Check guide roller and 
ing for wear and 
lubrication 


5. Check drier to see that it is 
nae properly on the trunnion 
& guide rollers 


6. Check exhaust fan bearings 
for wear and lubrication 











7. Check feeder for rubbing 
on drier (if used) 


8. Check sealing ring at heat 
end 








9. Check ring gear and driver 
gear for mesh and wear 





10. Check for leaks in drum 








Guard condition 
Inspected by 
Turned in to 


Foundry Preventive Maintenance 


you won't forget that tomorrow is your wife’s birthday. 

After a scheduling system has been established, 
the following types of job instruction forms are used. 
In Fig. 12 you see a typical routing sheet issued by 
the preventive maintenance office to perform an in- 


WEEKLY LOAD READINGS 





DATE 





EQUIPMENT A PHASE B PHASE C PHASE AVERAGE 





#5 Cope Shaker 
#5 Power Rolls 
#5 Drag Shaker 
#6 Flask Return Conv. 
a6 Elevator 
6 Mold Line 
#6 Cope Shaker 
#6 Power Rolls 
#6 Drag Shaker 
C Unit Mag. Belt 
#7 Flask Return Conv. 
7 Elevator 
7-1/2 Elevator 
#7 Mold Line 
#7 Cope Shaker 





PARTIAL LIST OF WEEKLY LOAD READINGS 
Other Equipment Includes: 
#1 Conveyor #1 Power Rolls 
#2 Conveyor #1 Drag Shaker 
#3 Conveyor 
#4 Conveyor 
#5 Conveyor 
#6 Conveyor 
#7 Conveyor 
#8 Conveyor 
#9 Conveyor 
#10 Conveyor 
#11 Conveyor 
#12 Conveyor 
#13 Conveyor 
B Unit #1 Conveyor 
B Unit #2 Conveyor 
B Unit #3 Conveyor 
#5 and #6 Shakeout Conveyor 
#7 and #8 Shakeout Conveyor 
#1 Flask Return #7 Cope Shaker 
#1 Elevator Hort. Oven 
#1 Mold Line Buckets 
#1 Cope Shaker Mall. Hort. Oven 


#2 Elevator 
#2 Mold Line 
#2 Cope Shaker 
#2 Drag Shaker 
#2 Power Rolls 


#3 Elevator 

#3 Mold Line 
#4 Mold Line 
“A” Mag Belt 
“B” Mag Belt 
#5 Flask Return 
#5 Elevator 
#5-1/2 Elevator 
#5 Mold Line 


- 


#2 Flask Return Conv. 


#3 Flask Return Conv. 














Fig. 12 Fig. 13 
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EQUIPMENT LOAD READING ANALYSIS SHEET 
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Fig. 15 


spection on sand driers. As you can see, it does not 
leave any part of the equipment to “chance inspec- 
tion”. Figure 13 is called “load-reading” inspection and 
essentially is an electrical inspection that tells a great 
deal about both the electrical and the mechanical 
condition of .the equipment. The author’s company 
has a list of all of the critical equipment in the plant, 
and each week, with a snap-on ammeter, the load 
that the equipment operating motors are pulling is 
read. This information is plotted on a graph, as in 
Fig. 14, and is analyzed on a weekly basis. If the 
load rises continually a mechanical inspection is made 
immediately, and in many cases a mechanical mal- 
function is found and repaired before the equipment 
breaks down. 

Records are kept on data found through all in- 
spections. A typical record card is shown in Fig. 15, 
which here represents a record of oil changes, inspec- 
tions, and equipment location. Figure 16 is a motor 
failure report which is made out each time a motor 
is changed due to malfunction. This record is kept 
in conjunction with a motor record card as shown 
in Fig. 17 and is maintained on every motor in the 
plant. This information tells everything about the 
physical aspects of the motor, plus a history of its use. 











or] I 


DEPARTMENTAL SERVICE 


This phase of the preventive maintenance program 
is essentially just what the title indicates. This is a 
service department within a service department. The 
two main objectives here are to provide administra- 
tive service and follow-up on equipment, experimen- 
tal tests, etc. This section is of great value to the 
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MOTOR FAILURE REPORT 





Motor Data 





HP. 15 Frame 336 Speed 1800 
Serial # 987653 Model_A 
Mfg. Delco Amperage 6.9 





Location where used: Gray Iron Sand Muller (110) 
Cause of failure: Single Phase 

Size of thermal overloads in starter: B 28 

Did overloads kick out?: Yes 

Did fuses blow?: Yes 

Condition of motor bearings: Good 

What amperage does the new motor pull?: 18 

Size of thermal overload relays now in starter: Same 
Motor data on motor installed: 








H.P. 15 Frame 523 Speed 1800 
Serial # 987654 Model A 
Mfg. Delco Amperage 6.9 





Time of failure: 7:20 p.m. 4-9-58 








Remarks: Single phase to open circuit between disconnect 
and motor. 
Fig. 16 
moTOR RECORO Induction Motor 
b+ vee C-8085 woes {3 ove SPEtO Taner, feu WO 
rome nase Lene ~ 
liance F 3 440 155. 
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Fig. 17 


maintenance department, as it eliminates the paper 
work, “red-tape”, and much of the follow-up that usu- 
ally keeps a maintenance supervisor in the office rath- 
er than out in the plant where he is of the most 
value to the organization. 

This overall five step program has been in effect at 
the author’s company for approximately three years, 
and of course, it is continually being modified to 
fit changing needs. Two benefits have come from the 
program: 1) There has been a substantial decrease 
in equipment downtime, and, 2) Maintenance cost 
per ton of castings produced has decreased. 

We believe that there are very few of us who can 
truly visualize what lies ahead in our foundry indus- 
try, but I am sure that our ever increasing plant 
mechanization will be accompanied by tremendous 
maintenance requirements. I am certain that each of 
us recognizes the fact that we must further mechanize 
in the coming years, and in order to facilitate the 
mechanization, we will have to have a well-trained 
maintenance organization, one that uses the con- 
trolled principles of preventive maintenance. 








THE EFFECT OF TEMPERATURE AND ATMOSPHERE 
ON IRON-SILICA INTERFACE REACTION 


By 


G. A. Colligan, L. H. VanVlack, and R. A. Flinn* 


ABSTRACT 


The quality of the surface as well as the dimensional 
accuracy of a casting depends upon the extent of the 
reaction between the metal and the mold material. Some 
of the variables affecting the reaction are the compo- 
sitions of metal and sand, pouring temperature and cast- 
ns cooling rate, metal pressure, and the mold atmos- 
phere. 

In this investigation, compacts were made of pure iron 
and quartz sand and subjected to different atmospheres 
in which the degree of oxidation was controlled by se- 
lecting the CO2/CO ratio. The specimens received 
microscopic and x-ray diffraction examination 

The data indicate that the mechanism of mold attack 
in this sytem is as follows: 

Iron is oxidized at the mold surface pm F a sep- 
arate, oxide liquid which wets the then sand in the 
mold. This liquid phase penetrates into the pores of the 
mold. Silica is soluble in this oxide liquid to about 50 
weight per cent. Solution of the silica enlarges the pores 
in the sand. This enlargement permits the molten iron 
to penetrate the mold at low pressures although the iron 
does not wet the silica sand. The depth of penetration 
into the sand by the iron depends upon the length of 
time at elevated temperatures and the severity of oxida- 
tion. 

= the CO2/CO ratio is maintained at a low level, 

<_ quartz grains and iron are present. No iron silicate 

it is observed and no penetration occurs at low pres- 
po because the iron does not wet the silica. 


INTRODUCTION 


The mold-metal interface reaction is certainly not 
a new phenomenon to the foundryman. For many 
years it has been understood that there can be a 
reaction between metal and the mold which can lead 
to burnt-on sand, metal penetration, surface roughness, 
casting porosity, and dimensional inaccuracy. Many 
good practical solutions involving mold washes, spe- 
cial additives to both mold material and metal, varia- 
tions in gating technique, and pouring temperature 
have been developed empirically to meet situations 
as they developed. 

However, there is still no general solution because 
there is not an accurate quantitative understanding 
of the problem. The need for this understanding is 
becoming more acute because new molding materials, 
such as those used in shell molding and CO2-sodium 
silicate sand core-blowing techniques, are being de- 
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veloped. Each new method requires another empirical 
solution, whereas, if the basic reactions could be 
controlled, much effort could be saved. Also just as 
each molding material requires a new cut and try 
solution, each new alloy calls for a separate effort to 
improve its cast surface quality. 

With modern advances in theory and practice in 
ceramics, organic and physical chemistry and in metal- 
lurgy, it appears that it is time for a concerted attack 
to evaluate the role of different variables in the inter- 
face reaction. Much interesting work has already 
been done and is well summarized in a current re- 
view by Murton and Gertsman.! Those features of 
previous work which bear directly on this investiga- 
tion will be mentioned briefly. 

The early experiments of Caine? involved immers- 
ing sand specimens in liquid metal. More attention 
was given to penetration than to the mold-metal inter- 
face reaction, and it was concluded that geometric 
effects such as large void size were of major impor- 
tance. Dietert*® pointed out some of the effects of 
varying mold atmosphere. Savage and Taylor* ob- 
served the effect of mold atmosphere upon the reac- 
tion products present at the surface of steel pins 
inductively melted in sand. 

X-ray diffraction determinations showed that faya- 
lite, Fe2SiO,, was present at the interface after cool- 
ing. Hydrogen or nitrogen atmospheres prevented 
fayalite formation. Giller® concluded that the fayalite 
crystallized from a liquid melt when cooling was not 
too rapid. More rapid cooling produced an iron silicate 
glass. Petersson® also conducted an examination of in- 
terface reaction products, and found that increased 
carbon and aluminum in the metal decreased pene- 
tration. 

Hoar and Atterton’ found that the pressure re- 
quired to initiate penetration was proportional to the 
surface tension of the metal. For example, tin (500 
dynes/cm), required a pressure of about 15 cm of Hg. 
Copper (1000 dynes/cm) needed a pressure of 30 
cm of Hg to initiate penetration into a normal mold 
sand. 

From the foregoing review of the literature and 
preliminary experiments by the authors, it appears 
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that two mechanisms operate to break down the 
sand-metal interface and thereby injure both the 
casting surfaces and dimensional tolerances. 


Mechanical Variables 


Penetration of metal can be produced in all but 
impermeable molds by applying sufficient pressure. 
This can be done by increasing the metal head or 
by applying a vacuum in the sand. With finer voids, 
a greater pressure differential is needed. Fine grain 
size and hard ramming therefore reduce penetration. 


Chemical Variables 


Small changes in analysis of the metal (Al, C), 
or in mold atmosphere, resulted in changes in the 
amount of burnt-on sand and metal penetration. In- 
creased penetration occurred with higher metal tem- 
perature. Although these effects have generally been 
ascribed to mechanical influences such as decreased 
metal viscosity, the work of this investigation indi- 
cates that higher temperatures also accentuate chemi- 
cal reactions. 

The present work is concerned chiefly with the 
evaluation of the chemical mechanisms leading to 
reactions between the metal and the mold materials. 
This is a major problem and, in the authors’ opinion, 
is equally as important as the mechanical metal pen- 
etration in all but large castings. Furthermore, it was 
desired to evaluate sand attack at temperatures below 
the melting range of steel as well as above these 
temperatures. 

To remove the effects of metal pressure and permit 
the separate study of the chemical variables, the fol- 
lowing procedure was developed. 


PROCEDURE 


The system iron-silicon-oxygen-carbon was chosen 
for study because iron and silica and a gaseous atmos- 
phere are the principal reactants in the mold inter- 
face reactions. Once the mechanism of a simple sys- 
tem is known, the effects of additional elements may 
be explored. 

Each specimen consisted of a mixture of reagent 
grade iron powder and quartz grains (Ottawa silica 
sand, 40-60) contained in platinum envelopes. Heat- 
ing was done in a horizontal globar furnace. The de- 
gree of oxidation was controlled by premixing CO 
and COz gases in desired ratios. The partial pressure 
of oxygen may be calculated from the known equili- 
brium constant of the equation CO + 1/2 O2 = CO, 

In addition to providing a convenient control of 
the oxidation level, both CO and CO, are present in 
mold atmospheres. Furthermore, other atmospheres 
containing hydrocarbons and oxygen may be ex- 
pressed in terms of equivalent CO2/CO atmospheres. 

The gas mixtures were analyzed with a mass spec- 
trometer. After exposing the specimens for the de- 
sired periods of time, 3 min. to 1 hr, they were 
cooled by pushing them into the cold end of the 
furnace while maintaining the same atmosphere. In 
the samples heated for only 3, 5 and 15 min., the 
phases were not at equilibrium as discussed later. 

X-ray and metallographic samples were prepared. 
The latter were impregnated with bakelite resin (BR- 
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TABLE 1 — TREATMENT DATA 


Tem- 
Speci- Gas Mixture _Pera- 
men % % ture, Time, 
No. COg CO Cc min 





Phases Present 





1 50 50 1225 3 metal, silica, fayalite 
2 50 50 1225 5 metal, silica, fayalite 
8 50 50 1225 15 metal, silica, fayalite 
4 50 50 1225 60 metal, silica, fayalite 
5 50 50 1525 8 metal, silica, fayalite 
6 50 50 1525 5 metal, silica, fayalite 
7 50 50 1525 15 metal, silica, fayalite 
8 50 50 1525 60 metal, silica, fayalite 
9 50 50 1565 60 silica, fayalite, magnetite 
10 10 90 1225 60 silica, metal 
11 10 90 £1525 $$$ __ metal, silica, fayalite 
12 10 90 1525 5 metal, silica, fayalite 
13 10 90 1525 15 metal, silica, fayalite 
14 10 90 1525 60 metal, silica, fayalite 
15 2.7 97.8 1525 £460 metal, silica 
16 2.7 97.38 1565 60 metal, silica 





0014) prior to mounting and polishing for metallo- 
graphic examination. 

The various treatments are summarized in Table 1. 
It should be noted that two of the temperatures, 1225 
C (2237 F) and 1525 C (2777 F), are below the 
melting point of pure iron, 1587 C (2802 F). How- 
ever, 1525 C (2777 F) is at the melting temperature 
of oxygen-saturated iron. The experimental locations 
for the specimens have been superimposed on Dark- 
en’s equilibrium diagram (Fig. 1). 


OBSERVATIONS 


Macrostructures 


In the presence of reducing atmospheres, those be- 
low the curve AB in Fig. 1, only silica sand grain 
and iron pellets were observed. The latter spheroid- 
ized at higher temperatures and remained bright. 

With less reducing atmospheres, the metal was 
first oxidized and then reacted with the silica. Figures 
2 and 8 are typical. Low magnification observations 
show the presence of iron droplets which have de- 
veloped an oxide coating in a few min. The metal 
droplets do not wet the sand; however, the oxide melt 
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Fig. 1—Experimental locations for specimens superimposed on 
Darken’s® equilibrium diagram. Fe-Si-O system SiO2 side of 
eutectic. 








Fig. 2—In less reducing atmosphere, the metal first oxidized 
and then reacted with the silica. 1525 C for 3 min. 50 per cent 
COz and 50 per cent CO. 4X. 


does. The fluxing of the sand by the oxide enlarges 
the pore size. 


Microstructures 


The microstructures developed under reducing at- 
mospheres are summarized in Figs. 4a, 5a, and 6a. In 
the Fig. 4a, the iron powder is not melted and the 
silica grains are unaffected. At higher temperatures, 
the iron was melted and agglomerated as shown in 
Figs. 5a and 6a. The metal did not wet or react 





if 
Fig. 4a—Microstructure developed under reducing atmosphere. 
I—iron, B—bakelite. 1225 C for 60 min. 10 per cent CO2 and 
90 per cent CO, 250. 





lron-Silica Interface Reaction 


Fig. 3—Decreased reducing atmosphere as in Fig. 2 1525 C for 
60 min. 50 per cent CO and 50 per cent CO. 4X. 


with the silica. Minor changes occurred within the 
silica grains as a result of their being heated, and 
not as a result of the accompanying iron. 

The microstructures developed under more oxidiz- 
ing atmospheres are represented by Figs. 4b, 5b, 5c, 
and 6b. Additional phases were encountered as a 
result of the presence of iron oxide. These phases 
are described in Table 2. 

Microscopic observations indicate specifically that 
molten iron does not wet silica. This was true wheth- 
er an oxide containing phase is present or not (Figs. 
5c and 2). 





Fig. 4b—Microstructure developed under more oxidizing at- 
mosphere. Q—quartz, I—iron, T—tridymite, F—fayalite. 1225 C 
for 60 min. 50 per cent CO2 and 50 per cent CO. 250. 














lan? an, «| 





Th 





G. A. Colligan, L. H. Van Vlack, and R. A. Flinn 





Fig. 5a—Microstructure developed under reducing atmosphere. 
Q—quartz, I—iron, B—bakelite. 1525 C for 60 min. 2.7 per cent 
COz and 97.3 per cent CO. 250. 


The molten oxide phase became saturated with 
silica. This is demonstrated by the fact that silica 
and silicates are precipitated from the melt that ac- 
cumulated in the pores of the sand (Figs. 4b, 5b, and 
5c). The silica is precipitated as the higher tempera- 
ture forms, tridymite and cristobalite. These do not 
revert to the low temperature form of quartz during 
cooling. The inversion is sluggish because of the high 
energy requirements for bond disruptions and atom 
rearrangements. 


X-ray Diffraction 


The phase identifications made under the micro- 
scope were corroborated by x-ray diffraction analyses 
of three samples. 


Fig 5c—Microstructure developed 
under more oxidizing atmospheres. 
Q—quartz, I—iron, C—cristobalite, F— 
fayalite. 1525 C for 60 min. 50 per 
cent COs and 50 per cent CO. 250. 
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Fig. 5b—Microstructure developed under more oxidizing at- 
mosphere. Q—quartz, I—iron, B—bakelite, C—cristobalite, F— 
fayalite. 1525 C for 60 min. 10 per cent CO2 and 90 per cent 
CO. 250. 


TABLE 2 — ADDITIONAL MICROSTRUCTURE PHASES 
ENCOUNTERED RESULTING FROM PRESENCE OF 
IRON OXIDE 








Name Composition Shape and Color 

a Quartz Si02 round grains (gray) stable below 
575 C 

Tridymite Si0e tabular crystals (dark gray) stable 


between 1470 C and 870 C 
equi-axed grains (dark gray) stable 
between 1710 C and 1470 C 
plate-like crystals (light gray ) 


Cristobalite Si0e 
Fayalite a “t 


Iron e rounded particles (white) 

Magnetite Fes304 dendritic crystals ( white ) 

Bakelite Resin ee gray ) polishes in reduced 
relie 














Fig. 6a—Microstructure developed under reducing atmospheres. 
Q—quartz, I—iron, B—bakelite. 1565 C for 60 min. 2.7 per 
cent COz and 97.3 per cent CO. 250. 





Specimen No. Major Phases 
8 Cristobalite, fayalite, q—quartz, iron. 
4 Fayalite, tridymite, q@—quartz, iron. 
10 a—quartz, iron. 


DISCUSSION OF RESULTS 
A discussion of the results is handled best in terms 
of the various temperatures and atmospheres which 
were chosen for experimentation. 
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Fig. 7—Fe-O2 equilibrium diagram. 





lron-Silica Interface Reaction 


Fig. 6b—Microstructure developed under more oxidizing at- 
mosphere. C—cristobalite, F—fayalite, M—magnetite. 1565 C 
for 60 min. 50 per cent CO2 and 50 per cent CO. 250X. 


No oxidation was observed at 1225 C (2287 F) 
when the atmosphere contained 10 per cent CO, 
and 90 per cent CO. However, when the CO2/CO 
ratio was increased from 1:9 to 1:1, (50 per cent 
COz, 50 per cent CO) the iron is oxidized (Fig. 7). 
The oxide dissolves the silica to form an iron silicate 
melt (Fig. 10). This melt wets the quartz so that 
the sand grains are completely surrounded, even in- 
to re-entrant angles. 

The equilibrium diagram of Darken® (Fig. 1), indi- 


P 
cates that at 50 per cent CO, (log SR = 0) a 
co 


silicate melt would be in equilibrium with solid silica 
above 1160 C (2120 F). This means that with suffi- 
cient time, the iron would all be converted to melt 
by reaction with silica. 

During cooling, the melt crystallizes to fayalite 
(Fe.SiO,) and precipitates excess silica as tridymite. 
Tridymite, rather than quartz is encountered since 
this is the stable form at the crystallization tempera- 
ture. The transformation of tridymite to quartz is not 
appreciable during cooling because of the very slow 
reaction rate. 

It should be emphasized that the above specimens 
never reached the melting point of iron. This indicates 
that surface reactions can and do occur even though 
the casting surface may be solid. 

The temperature of 1525 C (2777 F) was chosen 
because it is below the melting temperature of pure 
iron but at the melting temperature of oxygen satu- 
rated iron. At 1525 C, a 10/90 CO2/CO atmosphere 
oxidizes the iron. A more reducing atmosphere is re- 
quired to avoid oxidation. This is predicted from 
Darken’s calculations as shown in Fig. 1 as line AB. 
This *10/90 CO2/CO atmosphere did not oxidize the 
iron at 1225 C (2237 F). As predicted, a 2.7 per 
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Fig. 8a—Wettability can be derived by considering a drop of 
metal on a flat silica surface. The angle @ is the contact angle. 
The droplet shape is the equilibrium result of three forces 
from the interplay of three surfaces—each trying to mimimize 
its area. This is represented in the equation: 





=y +y [vos (180—@)] 


SILICA GAS 
METAL SILICA METAL 


cent COs, 97.3 per cent CO atmosphere did not oxi- 
dize the iron at 1525 C (2777 F). 

Iron was melted in all of the samples at 1565 C 
(2849 F). In a reducing atmosphere with only 2.7 
per cent COs, the metallic iron did not react with 
nor wet the silica grains (Fig. 6a). At a higher CO, 
content, the iron was quickly oxidized (Fig. 6b) and 
dissolved silica, filling the pore space of the sand 
compact. During the solidification which followed, the 
melt crystallized and formed fayalite and cristobalite. 


Rate of Reactions 


Although no quantitative data are available, an ex- 
amination of the iron droplets remaining in the plati- 
num envelope as well as the amount of attack of 
the quartz gives an index of the relative rates of 
reaction. This is shown in Table 3. 

Slag formation depends upon time, temperature, 
and the oxidizing level at the mold-metal interface. 
The rate of oxidation and the amount of attack upon 
the sand increase under more oxidizing environments. 
It is not generally appreciated that the oxidizing 
characteristics of a CO.2/CO atmosphere increase 
with increased temperatures. 

Thus increased temperature leads to more pro- 
nounced attack for two reasons: 1) At higher temper- 
atures, a more reducing atmosphere is required for 


TABLE 3— OBSERVATIONS OF SAMPLES HELD 1 HR 











AT TEMPERATURE 
2.7 per cent 10 per cent 50 per cent 
Temperature CO2 co 2 
1565 C no iron remain- 
2849 F No attack ing after 60 
min. (only oxi- 
dized melt 
+ SiO2) 
1525 C No attack some iron re- 
2777 F mains, rapid 
f attack 
s 
1225 C Vv no attack much iron re- 
2237 F mains, rapid 


attack 
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Fig. 8b—The interfacial balance for the situation in Fig. 8a. 
This is represented by the equation: 


= + 
SILICA Faia SILICATE 
METAL SILICA METAL 





[cos (180—@)] 


protection; 2) when the metal is molten, solution and 
diffusion of oxygen is more rapid. 


SURFACE ENERGY EFFECTS* 


In discussion of the photcmicrographs, the subject 
of interfacial energy was mentioned a number of 
times. Since the whole question of ease of metal 
penetration is affected by this problem, it merits spe- 
cial attention. 

As a simple illustration, consider two cavities in 
green sand which are so shallow that the metal pres- 
sure is practically zero. Fill one with mercury and 
the other with water. The mercury will not penetrate 
the sand-metal interface while the water will rapidly 
disappear. The water wets the sand. The mercury 
does not. 

A quantitative expression of wettability may be 
derived as follows: Consider a drop of metal on a 
flat silica surface as in Fig. 8a. By arbitrary definition, 
*In this discussion, surface energy and interfacial energy are 
used interchangeably. This is correct technically. Frequently, 
a distinction is made and surface energy is used for cases of a 
liquid in equilibrium with vapor and interfacial energy for the 
energy between different solid and liquid phases. 
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Fig. 9—The necessary appearance of metal wetting silica in 
the presence of a silicate melt. This is represented by the 
equations: 
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Fig. 10—System FeO-SiOz2 equilibrium diagram. 


the angle @ illustrated is called the contact angle. 
The shape of the droplet is the equilibrium result 
of three forces from the interplay of three surfaces 
each attempting to minimize its area, and therefore 
the surface energy. 

These interfaces are: 1) gas-silica BA, 2) metal- 
gas BD, and 8) silica-metal BC. 

Since for equilibrium, the forces must balance, we 
obtain the horizontal component of the force BD at 
angle @ in the horizontal plane by multiplying by 
cos (180 — @) and 

y (silica — metal) = y (gas — silica) + 
y (gas — metal) [cos (180 — @)] 

y is the interfacial tension in dynes/cm, or energy 
in ergs/cm*. Physically, the definition ergs/cm? may 
be more satisfying, as representing the energy needed 
to form a square centimeter of new surface. 

Figures 5b and 5c show that when the oxygen 
content of the metal is increased, the absence of 
wetting is still evident. 

Under these oxidizing conditions, the interfacial bal- 
ance is shown in Fig. 8b. Even with a silicate melt 
present, the contact angle @ remains about the same 
order of magnitude, > 90 degrees. 

Figure 9 illustrates the necessary appearance of 
metal wetting silica in the presence of a silicate melt. 
It can be seen from specimens 5b and 5c that this 
condition is not realized. 


CONCLUSIONS—APPLICATIONS OF RESULTS 


With little metallostatic pressure iron can attack 
the mold face by chemical action in the following 
sequence: 

1. Iron oxide is formed by reaction with mold gases, 
the amount depending upon the temperature and 
partial pressure of oxygen as derived from the pres- 
sures of CO2 and CO and any other gases. 

2. The iron oxide wets the silica and penetrates 
the mold wall. ‘ 

3. The iron oxide dissolves the silica to form a 
fluid iron silicate melt ( Fig. 10). 

4. The dissolving of silica increases the pore size 
in the mold wall reducing the pressure necessary for 
metal penetration. 


lron-Silica Interface Reaction 


5. The extent of the reaction leading to burnt-on 
sand and penetration depends upon time, temper .- 
ture and degree of oxidation of the mold gases. 

6. The presence of fayalite in a specimen is e\i- 
dence of the existence of a prior silicate melt which 
has crystallized on cooling. More rapid cooling will 
yield a silicate glass rather than forming fayalite. 

7. The depth of metal penetration in sand will be 
determined by the temperature gradient in the sand. 
The solidification point of the metal must be deter- 
mined by referring to the iron-oxygen equilibrium 
diagram (Fig. 10). The resultant solidification tem- 
perature is therefore lower than normally predicted, 
1525 C vs 1539 C. This will result in deeper pene- 
tration, other factors held constant. 

8. If the mold gases are not sufficiently oxidizing 
for the temperature prevailing no iron silicate melt 
will be formed as indicated by the equilibrium dia- 
gram contained in the text (Fig. 1). 

These are important distinctions. Previous investi- 
gations have shown that under hydrogen or inert 
atmospheres, the iron silicate melt is not formed. 
The data of this report widen the possible range of 
control, pointing out that below a critical CO./CO 
ratio, which depends upon temperature, no mold at- 
tack will take place. 

While this investigation did not consider the effect 
of other elements, some explanations and predictions 
may be made. It is known that carbon and aluminum 
lessen the degree of mold attack. Both of these ele- 
ments preferentially oxidize to form a gas (CO) or 
a refractory oxide (Al,O;) rather than the lower 
melting iron oxide. 

In addition, it is expected that the severe reactions 
between manganese containing alloys and molds may 
be explained on a similar basis to that summarized 
in the conclusions. Manganese oxide fluxes silica more 
severely than does iron oxide. This hypothesis will 
be tested in future work. 
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REDUCTION OF SILICA IN LARGE SHELL MOLDS 


By 


L. H. VanVlack,* R. G. Wells* and W. B. Pierce* 


INTRODUCTION 


The surfaces of large shell-molded iron castings 
are more subject to imperfections than are the sur- 
faces of smaller castings. An important potential dif- 
ficulty arises when large iron castings are made in 
silica shell molds because some of the silica may be 
reduced to SiO by certain alloying elements in the 
molten iron. These surface defects are shown in Fig. 1. 

The SiO which is formed is a gas at ferrous casting 
temperatures. As a result, its formation at the metal- 
mold interface of the casting provides a porous sur- 
face if the gas cannot escape from the mold. As the 
temperature decreases, the SiO dissociates to SiO» 
according to the reaction: 


a SiO. + Si (1) 


Therefore, the porous metal surface generally con- 
tains an SiOz deposit. 

This paper presents information concerning the na- 
ture and extent of the SiO. reduction at the mold- 
metal interface. The roles of temperature, casting 
size, alloys, and selected mold materials were investi- 
gated in order to interpret the mechanism of the 
reactions. On the basis of the results, methods of 
minimizing the effects are suggested. 


EXPERIMENTAL PROCEDURES 


Procedures will be discussed under two headings: 
1) Mold Design and, 2) Metal Composition. 


Mold Design 


Three mold designs were used in this investigation: 
1) A small step mold, 2) a small gear-blank mold, 
and 3) a large step mold. The step mold designs are 
shown in Fig. 2. With these designs it was hoped to 
determine the effects of mold volume, section thick- 
ness, and parasite section upon the interface reaction. 
The small step mold has a volume of 19.21 cu in. 
with an additional 37.95 cu in. in the riser, gates and 
sprue. The heaviest section is 5-in. x l-in. x 2-in. thick. 
The thinnest section is 2-1/2-in. x l-in. x 1/16-in. 

The gear blank mold consisted of three gear blanks 
with a total volume of 42.25 cu in. The casting was 
poured through the riser. The heaviest section was 
a ring 3 in. in diameter, l-in. wide x 1-in. thick. The 
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large step mold had a volume of 300 cu in. with an 
additional 225 cu in. in gates, riser, and sprue. The 
largest section was 8 in. square x 4 in. thick. The 
total parasite volume was 48 cu in. and the smallest 
section was 4 in. x 1 in. x 1/8-in. 

Shell molds were made over the patterns (Fig. 
3) described in the preceding paragraph. The sands 
used were: 1) two kinds of quartz sands, Geaugea 
sand, and New Jersey beach sand; 2) forsterite sand; 
3) Australian zircon sand; and 4) magnorite. Both 
the forsterite and the magnorite sands contained an 
excess of fines as received. The excess fines were 
removed by elutriation. Size distributions for all sands 
except the magnorite are reported in Table 1. All 
molds were made with coated sands. Six per cent 
of resin by weight was used with all sands except 
the zircon which had 3 per cent by weight of resin. 


Metal Compositions 


The meta} compositions used were essentially iron- 
carbon alloys (1-4 per cent carbon) which contained 
less than 0.05 per cent of silicon and manganese. 
Other heats were made containing 0.5 per cent silicon 
and 0.5 per cent manganese to determine what, if 
any, effect these elements would have upon the 
reactions. 

In the first group of heats, aluminum in the amount 
of approximately 0.1 per cent was added in the fur- 
nace and in the ladle to keep the oxygen level low 
and to control the carbon boil. In the second group 
of heats no aluminum or other deoxidizer was used. 
Rather, the surface of the metal in the furnace and 
in the ladle was completely covered with a basic 
slag. 

The large castings were poured directly from the 
furnace into the mold to minimize oxidation and to 
control casting temperatures more easily. The basic 
slag was successful in preventing oxidation of the heat. 
The heats were made in either a 60 lb capacity or 
a 200 Ib capacity induction furnace having rammed 
magnorite lining. The stock was armco iron, and 
spectroscopic grade graphite electrode as the source 
of carbon. Carbon levels ranged from 4 per cent 
to 1 per cent in steps of 0.5 per cent. Casting temper- 
atures ranged from 3000 F to 2500 F in steps of 
100 F. 





RESULTS 


The defects shown in Fig. 1 consisted of porosity 
in the metal at the surface of the casting. The gas 
pockets contained an accumulation of white powdery 
material (Figs. 4, 5, 6) which was identified spectro- 
scopically and optically as SiO, and Al,O3. Optical 
and electron micrographs revealed that the former 
had an extremely fine-grained fibrous structure (Figs. 
7, 8). It is of prime importance that x-ray and elec- 
tron diffraction patterns indicated a significant frac- 
tion of the fibrous material to be quartz. Furthermore, 
quartz was the only crystalline silica phase which 
was observed. The importance of this observation 
is that quartz is stable, and will form only below 


Fig. 1 — Large 3 per cent carbon iron step casting including 
riser, sprue, and gating system. 0.1 per cent aluminum was 
added to the heat before tap. A. (Top) Casting with scale sur- 
face intact. B. (Pottom) Casting after removal of scale surface 


peg Fg surface caused by formation of silicon monoxide 
gas at high temperatures. The casting was poured at 2950 F. 


Silica in Shell Mold 


1600 F. Had the SiO: crystallized at a higher temper- 
ature, the tridymite and cristobalite modifications 0! 
silica would have been observed since they do not 
transform to quartz in the short period of time tha' 
is encountered during normal cooling of the casting 

The defects shown in Fig. 1 were the most pro- 
nounced under conditions of: 1) greater super-heat, 
2) larger metal sections, 3) higher carbon contents, 
4) with the presence of aluminum, and 5) in molds 
with a large amount of free silica. Individual consid- 
eration of these variables will show their relative 
effect. 


Effect of Temperature 


In a 4 per cent carbon, 0.1 per cent aluminum 
casting, the defects which have been described were 
not encountered at temperatures below 2550 F. As 
the pouring temperatures were increased, the gas 
pockets and the accompanying SiO, deposits were 
more pronounced (Fig. 9b and c). This same general 
increase with temperature was noted for all metal 
compositions (Table 2). 


Effect of Section Size 


With comparable carbon contents and with silica 
sand, the defects first appeared in the 19 cu in. 
castings with 1-in. thick sections at temperatures of 
about 200-300 F higher than that in the 300 cu in. 
casting with 4-in. thick sections. 


Fig. 2 — A. (Top) Small step mold shell (19 cu. in.). B. (Bot- 
tom) Large step mold shell (300 cu in.) showing cope and 
drag sections. 
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TABLE 1 — SIZE DISTRIBUTION OF FOUNDRY SANDS USED 











Geaugea Lake Sand New Jersey Beach Forsterite Sand Australian Zircon 
Sand Sand 

Sieve Weight Cumulative Was Cumulative Weight Cumulative Weight Cumulative 
Size % % % % % % % 
-+-20 mesh 0.04 0.04 0.01 0.01 0.01 0.01 0.00 0.00 
—20 +48 3.73 3.77 0.74 0.75 3.73 3.74 0.01 0.01 
—48 +70 24.19 27.96 21.44 22.19 30.01 33.75 2.35 2.36 
—70 +100 41.09 69.05 55.13 77.32 40.38 71.13 44.32 46.68 
—100 +140 19.84 88.89 18.97 96.24 22.48 96.61 48.38 95.06 
—140 +200 7.21 96.10 3.07 99.36 2.89 99.50 4.77 99.83 
—200 +270 2.38 98.48 0.50 99.86 0.35 99.85 0.15 99.98 
—270 1.52 100.00 0.14 100.00 0.15 100.00 0.02 100.00 


Geaugea sand 85.12% in range —48 mesh 
New Jersey sand 95.54% in range —48 m 


140 mesh. (6% resin by weight) 
+140 mesh. (6% resin by weight ) 


Forsterite sand 92.87% in a —48 mesh +140 mesh. (6% resin by weight ) 


Australian Zircon sand 92.7 


in range —70 mesh +140 mesh. (3% resin by weight ) 





Effect of Carbon Content 


Other factors being equal, these defects were more 
pronounced with higher carbon contents. For exam- 
ple, a 1 per cent carbon, 0.1 per cent aluminum 
casting does not produce surface porosity even at 
3000 F, whereas the defect occurs at a temperature 
as low as 2550 F when 4 per cent carbon is present 
(Table 2). 


Effect of Alloy Additions 


Aluminum additions to the molten metal have a 
more pronounced effect upon the defect than carbon. 
With 0.1 per cent aluminum, the lowest temperature 
at which the defect was encountered in a 4 per cent 
carbon melt was 2550 F. With nil aluminum, the 
defect was not encountered at 3000 F. 

Silicon and manganese additions up to 0.5 per 
cent did not have any noticeable effect upon the 
presence or absence of the gas porosity and the 
SiO. deposits at the surface of the castings. 


TABLE 2 — SELECTED HEATS SHOWING EFFECTS OF 
CARBON, ALUMINUM, CASTING TEMPERATURE MOLD 
COMPOSITION AND MOLD SIZE UPON DEFECT 








FORMATION 
% % Castin: Mold Mold 

Carbon Aluminum Temp. Sand Size* Defect 
1.0 0 3000 Silica Cc Absent 
1.0 0.1 3000 Silica A Absent 
1.5 0 2800 Silica B Absent 
1.5 0 2820 Forsterite B Absent 
1.5 0.1 3140 Silica A Absent 
1.5 0.1 3160 Forsterite A Absent 
2.0 0 2950 Silica Cc Absent 
2.0 0.1 2950 Silica ae Present 
2.5 0.1 2810 Zircon ae Present 
3.0 0 2950 Silica Cc Absent 
3.01 0.1 3100 Silica Cc Present 
3.0 0.1 2700 Silica Cc Present 
3.0 0.1 2960 Forsterite Cc Present 
3.0 0.1 3100 Zircon Cc Present 
4.0 0 2980 Silica Cc Absent 
4.02 (SMZ) 3030 Silica Cc Absent 
4,08 0.1 3000 Silica Cc Present 
4.0 0.1 2920 Silica A Present 
4.0 0.1 2380 Silica A Absent 
4.04 0.1 2980 Zircon A Absent 
4.0 0.1 3000 Magnorite C Present 


*A—Small step mold (Fig. 2a 
B—Small gear blank mold (Fig. 9) 
C—Large step mold (Fig. 2b) 
1—See Fig. 1. 
2—No aluminum was added to heat but 0.1 per cent SMZ alloy (silicon, 


manganese, zirconium) was added in furnace just before pouring. 
3—See Fig. 4, 5, and 6. 


4—See Fig. 9. 








Fig. 3— A. (Top) Small step mold patterns. B. (Bottom) Large 
step mold pattern on ejection platform of shell mold machine. 
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Effect of Mold Compositions 


The described defect is most pronounced in a 
silica sand shell mold. In shell molds of forsterite 
(Mg2SiO,), zircon (ZrSiO,) (Fig. 9a), or periclase 
(MgO-containing 10 per cent SiO.), defects were 
produced only when other factors were adverse; with 





Fig. 4— Fractured cross section of 4 per cent carbon iron 
step casting, with white fibrous silica filling gas pockets ex- 
tending beneath casting surface. Reduced 1/2 in reproduction. 





Fig. 5— White fibrous silica filling gas pockets extending 
beneath surface of 4 per cent carbon iron casting. 5X. 





Fig. "6 — Cross-section of ‘part of a ‘casting showing white 
fibrous silica filling gas hole which completely penetrates 
1/4-in. section. 8X. 


Silica in Shell Molcs 


high casting temperatures, large section sizes, high 
carbon, and the presence of aluminum. 

The effect of mold composition is especially notable 
in the smaller castings. When a 4 per cent carbon 
iron containing 0.1 per cent of aluminum was cast 
at 2900 F into the small gear blank mold made of 
zircon sand, little porosity was produced (Fig. 9a . 
When iron of the same composition was cast at the 
same temperature into the large step mold made of 
zircon sand, a condition similar to that shown in 
Fig. 1 was observed. With silica sand the defect 
was found in both large and small castings. 


DISCUSSION 


The surface defects must originate from reactions 
involving silicon and oxygen. This is supported by 
the facts that 1) silica shells provided the most se- 
vere effects, and 2) an SiO. desposit is produced. 
At least three hypotheses may be advanced to ac- 
count for reactions between the silicon and oxygen. 

The first possible mechanism would involve the 
oxidation of silicon in the metal to produce SiO, 
in the gas pockets. Silicon oxidation is observed in 
higher silicon steels. However, gas porosity does not 
result. The resulting SiO. forms a liquid at tempera- 
tures above 1600 F. Furthermore, a silicon addition 
to the metal in this case had no noticeable effect 
upon the presence or absence of the defects. This 
possible mechanism must be discarded for these cast- 
ings. 

A second possible reaction mechanism would in- 
volve the reduction of SiOz in the sand by heated 
resins in the shell to produce an initial gas containing 
SiO. Although well known in chemistry, SiO is rela- 
tively unknown in metallurgy. Therefore, a selected 
list of references concerning the reduction of SiO» 
and SiO formation is given in Appendix 2. 
xSiOw + C.Hp, Try reer Toe SiO + xCO + yHe (2) 





Fig. 7 — Photomicrograph in transmitted polarized light of 
white fibrous silica from high carbon iron step casting sur- 
face. 125. 








L. F 


tiol 
Th 
tac 


san 
wil 
me 
tur 
thi 


wo 
anc 
acc 
tim 
nifi 


pre 


tio} 
alu 


fro 
me 
Bo! 
ten 
tio! 
unt 
pre 


red 
pre 
wis 
wo 


dir 
vol 
alu 
in | 
wit 








} 
ie 


ot 














L. H. Van Vlack, R. G. Wells and W. B. Pierce 


This reaction would require a pressure accumula- 
tion at the surface of the metal during solidification. 
There are several evidences to suggest that the con- 
tact of the molten metal softens the bonding resin 
behind the mold surface to clog the pores in the 
sand. This produces an impermeable sand which 
will permit such pressure to build up. Under this 
mechanism, the SiO would revert at lower tempera- 
tures to SiO.. Thermodynamic considerations favor 
this reversal. 

The plausibility of this second suggested mechanism 
is greater than for the first. Higher temperatures 
would increase the reaction by producing more SiO 
and more gas pressure. Likewise, larger castings would 
accentuate the results by providing longer cooling 
times. However, it is difficult to account for the sig- 
nificant effect of carbon and aluminum upon the 
presence of the defects. 

The third possible reaction also involves the reduc- 
tion of the SiOz in the sand, but by the carbon and 
aluminum in the metal. 

ly ae CO + SiO (3) 
- ge rere Al.O; + SiO (4) 

Aside from the fact that the reducing agents come 
from the metal rather than from the resins, this 
mechanism is similar to the previously suggested one. 
Both of the reactions occur more strongly at higher 
temperatures. Both produce SiO and require a reten- 
tion of the gas by pressure at the mold-metal surface 
until dissociation occurs at lower temperatures to 
produce SiOz.* 

Pe sre SiO» + Si (1) 

Most probably the true mechanism requires both the 
reducing action of alloys within the metal and the 
protective reducing gases of the heated resins. Other- 
wise, the SiO would diffuse into the mold where it 
would oxidize with infiltrating air. 

The avoidance of these defects may be suggested 
directly from the results of the tests. This would in- 
volve a minimum of super-heat, and avoidance of 
aluminum (and probably titanium and zirconium) 
in the metal, and in large castings the use of sands 
without free silica. 





*Equation (1) is exothermic; therefore, it occurs more strong- 
ly to the right at lower temperatures. 





Fig. 9— Four per cent carbon iron cast into shell molds. 


A. Cast into zircon sand mold at 2900 F (about 700 degrees 
of superheat). B. Cast into quartz sand shell mold at 2900 F. 
C. Cast into quartz sand shell mold at 2500 F (about 300 
degrees of superheat). 





SUMMARY AND CONCLUSIONS 


Although the reduction of SiO. to a gaseous SiO 
form by carbon and other elements has been known 
for some time, its importance in the control surface 
quality of ferrous castings has not been generally ap- 
preciated. When conditions involving high carbon 
contents, the presence of aluminum or other strong 
oxide formers, high temperatures, or large mold sizes 
are encountered, SiO» will be reduced to SiO when 


Fig. 8—Electron micrographs of white fibrous 
silica from surfaces of high carbon iron step 
castings. 30,000. 
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A. From casting made in quartz shell. 
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B. From casting made in forsterite (Mg2SiO,) 
shell. 
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C. From casting made in zircon (ZrSiO,) shell. 
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iron is cast into molds containing quartz or silicate 
sands. The SiO, even though it is in the form of a 
gas, does not always escape from the mold cavity 
and may produce a surface porosity. Lower tempera- 
tures permit the dissociation of SiO to SiOz. 
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APPENDIX 1 — FORMATION OF SILICON MONOXIDE 
AND REDUCTION OF SILICA 

The reduction of silica to a volatile suboxide has 
been known for some time and was postulated even 
before it had been found. Before 1900, C. Winkler’ 
stated that an oxide lower than SiO. should exist, but 
he was unsuccessful in his attempts to produce it. 
About 1900, H. N. Potter?” noted a white condensate 
around an electric arc furnace, and upon analysis 
found it to correspond to SiO. He patented the 
process and sold the product under the trade name 
of monox for use as a pigment, polishing agent, or 
lubricant. However, his only proof of its composition 
was his chemical analysis, and he could not disprove 
the objection that it might be a mixture of Si and 
SiOz. 

Dufour® in France in 1904 formed a fibrous silica 
which had the SiO composition and which he called 
silice capillaire. He found that this was formed when 
silica was reduced with hydrogen. A number of other 
investigators between 1900 and 1920°!° mentioned 
the monoxide of silicon. One is of especial interest. 
H. von Wartenberg’® (1912) found silica to be re- 
duced by carbon at 2280 F and above, and by CO 
and He at 2640 F and above, to a more reduced 
volatile state. He thought this volatile state was prob- 
ably silicon which was carried away in the gas stream. 
Von Wartenberg also found that silicates could be 
reduced similarly at somewhat higher temperatures. 


Between 1920 and 1940 silicon monoxide was men- 
tioned a number of times in the literature. The most 
important work of this period was by Jevons?® 7° 
(1924-28) who presented the first positive evidence 
of the existence of SiO as a gas from his ultraviolet 
band spectra studies. Bonhoeffer?! identified SiO 
spectroscopically as the product of reaction between 
C and SiO, at temperatures above 1500 C. Biltz and 
Ehrlich** (1988) also showed positive evidence of 
the existence of SiO in their volatility studies. 

Since 1940 more work has been done on the forma- 
tion and properties of SiO.*5** Zapffe and Sims?*-*1 
(1940-44) reviewed previous work and discussed fur- 
ther the formation of the suboxides of silicon and 
other metals. The thermodynamic properties of SiO 
were also reported in this period.**°7 In industrial 
processes, Van Vlack** (1948) found evidence of 
reduction of silica in blast furnace hearth refractories, 
and Wright and Wolff (1948) also found evidence 
of reduction of siliceous refractories used in pyrolysis 
of natural gas. They did not, however, discuss the 
formation of SiO. No mention has been made of this 
phenomenon in reports on foundry operations as far 
as we have been able to determine. 
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APPENDIX 2—BIBLIOGRAPHY ON SILICON MONOXID: 
AND THE REDUCTION OF SiO. BY CARBON AND 
OTHER ELEMENTS 
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U. S. Patent 886,686 (1908); British Patent 1279 (1906); 
French Patent 366,644 (1906); German Patent 189,833 
(1905). 
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DIE AND PERMANENT MOLD CASTING OF 


NON-FERROUS METALS IN THE UNITED KINGDOM 


L. J. Brice* and G. A. Broughton** 


INTRODUCTION 


With the comparatively restricted resources and 
markets available to the United Kingdom, its achieve- 
ments in the die and permanent mold casting fields 
may perhaps seem insignificant compared with those 
in the United States. On the other hand, such casting 
in metal molds is an important factor in the eco- 
nomic life of the country, and many industries rely 
on die and permanent mold castings for production 
of large numbers of components at a highly competi- 
tive price. There has been steady progress with many 
improvements in techniques, and recently there have 
been certain successful developments and activities 
which have given no little impetus to the industry. 

Also, there has been a considerable change of atti- 
tude among enginecrs towards die and permanent 
mold castings, and many components have been 
changed over to this process, usually with at least 
partial re-designing to suit the die casting technique. 
Moreover, there is a growing tendency for engineers 
to discuss new projects with manufacturers at the 
drawing-board stage. 


PRODUCTION FOR INDUSTRY 


Co-operative Activities 


Trade Associations. As in the United States, firms 
engaged in die and permanent mold casting can be 
grouped as either captives or jobbers. While many of 
these are independent, a number are members of 
one or other of the relevant trade associations. 

Light Metal Founders Association. This was formed 
towards the end of 1939 as a direct link between 
the Government and industry, to ensure the maximum 
and most efficient war effort. The liaison activities 
have continued and the Technical Committee has been 
successful in finalizing agreements on methods, prac- 
tices, testing, inspection and standards to the benefit 
of those engaged in the founding of light alloys. 

Association of Bronze and Brass Founders. This 
was formed in 1942 also .. 1 representative body for 





*Ministry of Supply, Armament Research and Development 
Establishment, Fort Halstead, Kent, England. 
**Ministry of Supply, A. 6., London. 
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negotiating with the Government. The Technical Com- 
mittee has issued a “Code of Inspection Procedure” 
to facilitate uniform inspection requirements and pro- 
cedures throughout the various Government depart- 
ments. The Association collaborates actively with the 
British Standards Institution, urging wherever possi- 
hle the adoption of higher values of mechanical prop- 
erties for many of the common casting alloys. 

It is compiling a booklet for engineering designers, 
and others, giving information on composition, prop- 
erties and applications of copper casting alloys, with 
lists of corresponding American, Continental and Brit- 
ish Government specifications. 

Zinc Alloy Die Casters Association. This was formed 
in 1942 to provide users with information on proper- 
ties, design and applications of zinc alloy die castings, 
to promote the inter-change of technical information 
and generally to promote the proper uses of die 
casting. There have been several useful technical 
publications and films, and specimen die castings are 
provided for exhibitions and lectures. 

Magnesium die and permanent mold casters are 
linked through the Magnesium Industry Council and 
its Technical Committee. 


British Non-Ferrous Metals Research Association. 
Organized under the aegis of the Department of Sci- 
entific and Industrial Research, this association now 
has more than 600 members, a staff of over 170 and 
extensive laboratories. Its work, as well as that of 
the A.B.B.F., was referred to in the paper by French 
and Mantle presented to the AFS annual meeting 
last year. It is supported by contributions from indi- 
vidual firms, trade associations and the Government. 
Its members receive results of research projects and 
the benefits of an efficient advisory service, library 
and information services and a development depart- 
ment. 


War-time Co-operation. A tribute must be paid to 
the way in which the industry co-operated to the 
fullest extent to meet the insatiable needs of the 
armed forces and especially to the way in which 
firms generously shared their knowledge and expe- 
rience with firms in production difficulties, who 
would normally be their competitors. 
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European Pressure Die Casting Committee. This 
committee, formed in 1953 largely through the ini- 
tiative of the Z.A.D.C.A., consists of national associa- 
tions of die casters and individual firms in countries 
without associations. To date, Austria, Belgium, Den- 
mark, France, Germany, Holland, Italy, Spain, Swe- 
den, Switzerland, and the United Kingdom are rep- 
resented. 

The principle aim is to further the use of die cast- 
ing in Europe through: 

1. Reports at meetings on new applications, new 
publications and consumption statistics. 

2. General publicity, including the issue of bulle- 
tins illustrating applications, the holding of exhibitions 
and correspondence between members on activities 
in various countries. 

3. Consideration of research projects on the finish- 
ing and application of die castings. 

4. Exchange of information on the education of 
engineering students in die casting. 

5. Visits to members’ works in the neighborhood 
of a meeting place. 

A sub-committee has drawn up a draft European 
standard for zinc alloy ingots and die castings based 
on existing national standards. The American Die 
Casting Institute’s Product Standards have been trans- 
lated into French, German, and Italian and distributed 
to members, who have also worked together in pub- 
lishing a “Glossary of Die Casting Terms”, in English, 
French, German, Italian and Spanish. 

Two European conferences have been held, the 
first in London in 1954 and the second in Paris in 
1957, at which there were also good contingents 
from the United States and the Union of Soviet 
Socialist Republics. 

Missions to the United States. The productivity 
missions to the United States have been of consid- 
erable interest and benefit to the industry through the 
issue of the detailed reports and the discussions that 
have taken place. Many modifications to British prac- 
tice have resulted from these visits, although it is 
difficult to report on these specifically. Possibly the 
major lesson learned from the visits was in regard 
to the mechanical handling of both metal and cast- 
ings. While full advantage of the lessons learned 
could not always be taken, usually on account of the 
variety and comparatively small output of castings 
involved, many improvements have been made in 
this direction. Information gained from these visits 
is of particular value when new plant layouts are 
being prepared and machines re-housed. 


Alloys 


The standard alloys in current use for die and 
permanent mold casting, accounting for the bulk of 
United Kingdom production, are indicated in Tables 
1-4, 

Aluminum Alloys. There is a reasonable choice for 
permanent mold casting. Alloys in general favor are 
LM.4, 6, 8; 10 and 22 for stressed applications; and 
12 to 14 for elevated temperatures (pistons). For die 
casting, the most popular alloys are LM.24 (with rela- 
tively high iron limit to reduce sticking and give 
increased quality and die life), LM.2 and LM.6 (best 
for corrosion resistance), in that order. LM.5 is used 





TABLE 1 — MECHANICAL PROPERTIES ALLOY, 
CONTAINING 65 PER CENT ZINC, 30 PER CENT 
ALUMINUM AND 5 PER CENT COPPER 





Die Cast 





Permanent Mold 
Cast 
Tensile strength (a) 26, (b) 22 (a) 26 


t./sq. in. 
Elongation, % 2 
10, (b) 70-93 (a) 110 


Brinell hardness (a) 110, ( 
(c) 87-100 
Impact strength (a) 3.5, (b) 4.0 (a) 3.5 
ft. Ib—unnotched (c) 3.7 
Impact strength 3.2 - 


—40 C and F 
ft. Ib—unnotched 


Growth after dry 
aging (as cast) 
Growth after dry 
aging (stabilized) (d) 


(a)—as cast (b)-—d iw 
(d)—12 hr at 220-230 C (428-446 ), air cooled 


0.0031-in. per in. - 


0.0002-in. per in. _ 


(c)—steam aged 





TABLE 2 — EUROPEAN DIE CASTING COMPARATIVE 
PRODUCTION FIGURES 











France Germany Italy ULK. 
Alloy (000’s Metric Tons ) 
Zinc 17 15 5.5 40 
Aluminum N/A 15 15 18 





TABLE 3 — TYPICAL COMPOSITION OF STEELS USED 
FOR ALUMINUM AND MAGNESIUM ALLOYS 


%C %Si %Mn *2ZW Cr %Mo ZV 








Aluminum 0.45 1.0 0.4 a 5.0 1.3 1.5 
Magnesium 9.3 0.9 0.3 10 48 1.6 '- 
0.4 1.05 5.0 135 1.1 


Zinc 0.3- 0.2- 0.45- 0.15- 0.95- 0.7- 
0.34 0.25 055 0.25 1.05 08 





particularly where corrosion resistance is of vital im- 


portance (marine applications), when the magnesium 
content of the alloy is maintained as near as possible 
to 5 per cent. A modified alloy containing up to 7.5 
per cent magnesium and up to 1.8 per cent iron is 
finding favor. 

Production of castings in 1956 amounted to 78,000 
tons, comprising 27 per cent sand castings, 53 per 
cent permanent mold castings and 20 per cent die 
castings. Over the last 10 years, the annual produc- 
tion of die castings has progressively increased from 
about 6 per cent while that of sand castings has 
decreased from about 40 per cent. 

Magnesium Alloys. Production in 1956 amounted 
to nearly 3,500 tons, comprising 90 per cent sand 
castings, 6 per cent permanent mold castings, and 
4 per cent die castings. 

Zinc Alloys. There is little use of B.S. 1004B, the 
copper bearing alloy, which however continues to be 
favored for zip fasteners. The bulk of production 
is in B.S. 1004A. The impurity limits are still lower 
than those in United States specifications. Indium 
and thallium limits were introduced in 1955 in view 
of their alleged serious embrittling effects. The pro- 
duction in 1956 was of the order of 40,000 tons. 

Recently, interest has been aroused in a new alloy 
containing approximately 65 per cent zinc, 30 per 
cent aluminum, and 5 per cent copper, for which 
the mechanical properties in Table 1 are claimed. 
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The alloy is reported to be reasonably resistant 
to corrosion in distilled water, tap water, and salt 
spray. 

Permanent mold castings have been made to replace 
aluminum-bronze pulley wheels and to replace case- 
hardened steel bearing sleeves. Die castings have 
been produced for small worm wheels, and as a re- 
placement of zinc or aluminum alloys for small hous- 
ings which originally incorporated bronze bushes cast 
in as inserts, the complete castings now being made 
in the new alloy. 

Copper Alloys. The compositions quoted in Table 
1 are those covering permanent mold castings. Die 
castings are made in ordinary brass, manganese brass, 
and silicon brass, but the production is limited and 


there is no specification for a copper-base die-casting . 


Casting in the United Kingdom 


alloy. Experiments have been made in die casting 
aluminum-bronze, but there is no current producticn 
as there does not appear to be sufficient advantages 
over sand castings. 

The current production figures are probably of the 
order of 14,000 tons of permanent mold castings and 
800 tons only of die castings. 

European Die Casting. The current comparative 
production figures given in Table 2 may be of in- 
terest. 


Melting Equipment 

The usual types of gas or oil crucible-melting and 
holding furnaces with tilting or ladling facilities are 
in operation. Now that electricity supplies are ade- 
quate and comparatively free from break-down, there 
is increasing interest in electric heating. 

One company, specializing in the production of 
aluminum-bronze castings has recently installed a 
combined holding and melting furnace of the rever- 
beratory type (Fig. 1). The pre-alloyed ingots are 
loaded on to a charging hearth at the back of the 
furnace and melted by the exhaust flame. The metal 
drops into the body of the furnace, which has a la- 
dling pocket on each side into which molten metal 
flows, passing under a weir brick which holds back 
slag and oxide and_ prevents flames from blowing out 
on to the operator. 

Fuel costs have been reduced by 30 per cent, 
and melting losses have been within 1-2 per cent of 
the losses experienced with crucible melting. Also, 
the time previously lost while crucible furnaces were 
being replenished from tilting furnaces has been 
saved. 

Low-frequency induction-melting units are coming 
into use for both die and permanent mold casting 


TABLE 4 — STANDARD ALUMINUM ALLOYS FOR DIE AND PERMANENT MOLD CASTINGS 





Main Alloying Elements, % 


Tensile Strength Elongation 
t/sq. in (min) 





Mg Fe Mn 


Zn 


Related 
A.S.T.M. Spec. 
B179-51T 


Sand Chill 
Cast Cast 


Casting 
Process 


Sand _ Chill 
Cast Cast 





4.5 
9.75 
1.0 


4.0 
2.0 
1.25 


2.5 
2.0 


25 
75 
0 
0 
0 
5 


sas a3. 
0 5. 0.5 
ae -. 5. = 0.5 
5 0.1 2. 1.0 

5 8. 

Max Fe content: 0.25 


3 


Ti+Nb.02 


125 Ti+Nb.02 


125 Ti+Nb.02 


to 0.35%—Nos. 10 & 11; 0.6 to 0.8%—Nos. 4, 5, 6, 8, 9, 13, 14, 16, 18, 20, 21, 22; 1.39%—No. 24 
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in view of the advantages in efficient heating, low 
running costs, automatic temperature control (within 
+5 C), uniformity of composition, greater cleanli- 
ness, and general quality. They are generally ar- 
ranged for hand baling but for high outputs larger 
melting units will supply a number of small holding 
units. 

One firm specializing in die casting of zinc, and 
quick to see the advantages of a system first seen 
in operation in the United States, has installed a 
60 kw melting furnace of the above type at each 
end of a line of die-casting machines. Each machine 
has a 20 kw holding furnace and there is an inter- 
connecting system of resistance heated launders, along 
which the molten metal finds its own level through- 
out. The system is cool and clean and metal losses 
in melting are as low as 0.3-0.4 per cent. 

Interest has been shown in a modified form of this 
same type of furnace, designed as a holding unit for 
aluminium cold-chamber machines. It has an air- 
sealed lid gear. Compressed air, introduced above the 
300 Ib melt for a controlled period, causes the pre- 
determined weight of metal, adjustable between 1/4- 
lb-20 Ib, to be forced up the side of the spout, 
automatically heated from a point below the surface, 
and discharged into the die-casting machine at a 
rate of up to 2 lb per sec. An automatic device com- 
pensates for the change in volume within the hold- 
ing chamber caused by each successive shot. With 
provision for use of inert atmosphere, the unit can 
also be used for magnesium die casting. 

Surface oxides and scum are completely eliminated, 
temperature is controlled to the moment of discharge, 
and the casting cycle can be shortened to give a 
rate of production comparable with that for zinc-alloy 
casting. The machine is probably a better proposi- 
tion for larger types of castings but in any case, 
conditions in the United Kingdom are such that it 
is not at present an economical proposition in any 
operation. Attempts are being made, however, to 
produce a much cheaper variety of the machine. 


Casting Machines 


There have been no new developments recently 
in casting machines. The general position is that the 
older casting firms are gradually replacing their own 
designs of machine, which have given excellent serv- 
ice over the years, and substituting one or other of 
the specially designed production units made by one 
or two British firms, or American machines being 
manufactured in the United Kingdom under license. 

There is a trend towards the installation of elec- 
tronic control, supplied by the machine manufactur- 
er or added by the die caster. Some automatic ma- 
chines are in use for brass casting where dressing 
and cooling can be carried out by spraying instead 
of the normal dipping of the blocks and cores. One 
manufacturer has introduced a specially designed ma- 
chine for permanent mold casting of brass, incorpo- 
rating fast speed injection and high pressure to in- 
crease density. 

Considerable interest has been aroused by reports 
of the vacuum process in operation in the United 
States. One United Kingdom firm is hoping to have 
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both a hot-chamber and a cold-chamber machine 
operating the process shortly. Results of these devel- 
opments will be watched closely. 


Dies 


Materials. Die steels vary considerably in composi- 
tion, each firm tending to favor a particular type and 
source of supply. Typical compositions of steels used 
for zinc, aluminum and magnesium alloys are as 
shown in Table 3. 

For copper-alloy casting, a good quality cast iron, 
preferably low in phosphorus or heat resisting iron, 
is used for small runs of up to 10,000 or large cast- 
ings. Heat resisting steel is used for small core pins. 
For larger runs of over 20,000, high-tungsten, high- 
speed steel is favored. Nimonic 75 and 80 are also 
being increasingly used, with runs up to 50,000. It is 
understood that there is trouble with cracking from 
quenching with lubricant in brass casting but that ex- 
cellent results are obtained with aluminum bronze. 

Die Manufacture. The standardization of die parts, 
injector parts, etc., is not very far advanced nor 
greatly favored. One or two firms have been experi- 
menting with promising results with main die bolsters 
in nodular cast iron. Among the more recent devel- 
opments in methods of the die manufacturer, the 
following are worthy of notice: 

Electronic Computer Control of Machine Tools. 
This involves tape recording of the required move- 
ments of a milling or similar machine. The tape is 
played back to the machine, which automatically 
carries out the required movements. Some experi- 
ments by one firm have indicated the possibilities 
of considerable saving of time and labor, although 
difficulties still remain before the process can be 
fully operated. 

Shaw Process. This is a method of producing po- 
rous refractory molds suitable for permanent mold 
casting. The investment solution consists of a mixture 
of ethyl silicate and industrial alcohol. Five per cent 
by volume of ammonium carbonate is added, togeth- 
er with a sillimanite refractory filler, and the whole 
is quickly poured over the pattern. Within two min 
the solution is gelled by the precipitation of silica, 
when the pattern can be removed. The mold is coat- 
ed with a solution of wax in carbon tetrachloride, 
and fired first with air/gas torches and subsequently 
in a muffle furnace at 750-850 C (1382-1562 F) to 
remove all traces of formaldehyde. It is claimed that 
this process results in considerable saving in cost 
and time, in accurate and excellent reproduction of 
detail and improved surface finishes. 

Spark Machining. This technique considerably re- 
duces machine/labor time, and enables materials 
hitherto regarded as uneconomical or unworkable to 
be used for dies. Moreover, surfaces are produced 
free of imperfections which could act as crack start- 
ers, and without distorted or heat affected areas. The 
technique cannot at present compete with conven- 
tional machining of large cavities in the soft condition, 
but it is being found economical to rough machine 
large cavities in soft steel to within 0.01 to 0.015 in. 
before heat treating and final spark machining. 
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Fig. 2 — Guard in position—instrument panel on wall for auto- 
matic die temperature. 


Courtesy the Metal Industry 

Recent developments have been devoted to in- 
creasing stock removal rate, improving finish, and 
reducing electrode wear and improving methods of 
electrode manufacture. 

Sintered copper and tungsten electrodes are prob- 
ably the most efficient but are too expensive for 
general use. 60-40 brass is probably the best mate- 
rial on balance. ‘Tungsten carbide, particularly if 
formed easily, undergoes slow erosion and has a 
good penetration factor. 

One new type of machine, rated at 4.5 K.V.a., in- 
corporates a controlled pulse generator for the “coarse” 
or roughing operation, giving a steel removal rate 
of 400 cmm per min., which is six times that ob- 
tained on the previous model. Aluminum electrodes 
can be used, the wastage ratio being the same as that 
for the older type of machine. If the metal removal 
rate could be increased by a further 20 per cent it 
is estimated that it would be economical to rough out 
cavities of up to 8 cu. in. completely by spark ma- 
chining. 

The normal random discharge circuit is used for 
finishing operations, but with recent improvements, 
intermediate stages are now carried out at higher 
rates than formally, with reductions in time of 42 
per cent in the “medium-coarse” state and 58 per 
cent in the “medium-fine” state. 

A vibrating table has also been added to this 
type of machine to maintain an axial movement of 
0.0003 in. amplitude to prevent swarf build-up, which 
retards down-feed of the electrode. 

Die Temperature Control. The most important new 
development recently announced in the technical 
press is that of an automatic system of control. A 
hole is drilled in a specially selected position in the 
die, the blind end being within %-in. of the cavity. 
Into this hole is fitted a special rapid-response ther- 
mometer, spring loading maintaining contact between 
the button of semi-conducting material and the die 
block. 

The temperature is registered on an instrument 
panel (Fig. 2) which also contains instruments oper- 
ating an electrical interlock, which prevents the op- 
erational sequence starting before the die temperature 
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is correct. Instruments in a lower panel control the 

injection and cooling sequences and record the num- 

ber of shots. 

A normal machine has to be set at a time sequence 
sufficiently slow to avoid die over-heating, with a 
consequent need for a long cooling time. The new 
system enables timing sequences to be set for high- 
temperature operation, allowing the control to bring 
down the actual operation rate to the optimum for 
the die, which is usually found to be faster than 
would normally be attained. At present the control 
of cooling water flow is in the hands of the opera- 
tor, but further development is in hand which will 
enable the water to be turned on automatically as 
the operating temperature is reached. With this sys- 
tem, if the die temperature falls too low the water 
would be automatically cut off from the die cavity. 

The main advantages claimed for the new tech- 
nique are: 

1. Elimination of early morning scrap, starting up 
without cooling water and the reaching of op- 
timum casting conditions, say, within 50 shots, 
when the “all-clear” light is shown and cooling 
water is switched on. 

2. Faster and more consistent operating rates for a 
die set. 

3. Production of fhe best casting of which die is 
capable. 

4. Maintenance of finish at “plating quality” with im- 
provements in strength of casting. 

5. General scrap reduction (up to 50 per cent has 
been obtained). 


Operational Hazards 

Z.A.D.C.A. Safety Committee. The subject of oper- 
ational hazards has recently been studied by this 
Committee, which has issued the following comments 
and recommendations in regard to fire hazards and 
machine guards: 

Fire Hazards. Fire resistant hydraulic fluids are re- 
placing ordinary hydraulic oils and giving good re- 
sults. Conditions for satisfactory use are: 

1. The system must be free from scale and paint. 

2. Filters are necessary to protect the pump from 
traces of paint and scale. 

3. Seals and packing must be in resistant material. 

. There must be frequent maintenance checks on 
all joints and flexible pipes to avoid wastage 
of the high-priced fluid (one firm changes seals 
and packing every 2/3 weeks). 

5. Viscosity and full fire-resistant properties must 
be maintained by appropriate water additions. 

Advantages, apart from the elimination of fire haz- 
ards and the absence of toxicity, are: 

1. The system works at a lower temperature because 
of its higher conductivity. 

2. Fluid consumption is lower because of better main- 
tenance. 

3. Stoppages are fewer. 

The lubrication properties could be improved and 
the slightly higher viscosity of the fluid involves long- 
er warming up periods or the installation of heating 
elements. 

Machine Guards. The Committee has reviewed 
and made recommendations on precautions against 
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trapping between dies and moving parts, metal splash 
and bursting of slugs on die opening. 

There must be a mechanically operated restraint 
device to operate at the beginning of the opening 
stroke of the platen and to be capable of immediate 
arrest of reverse motion and of withstanding the 
full closing force of the machine. 

Movable shields are a necessity and should be 
linked with the hydraulic and not the electrical sys- 
tem. Until the shields are fully closed, mechanical 
restraint should be fully operative. 

A pressure-exhaust device should be directly con- 
nected to pressure side of the platen closing cylinder 
and positively and directly mechanically operated, 
simply and mechanically interlocked with the shield 
so that no part of the machine can move under power 
while the shield is in the unsafe position. 

With larger machines and high-locking forces, the 
exhaust valve can be used to reduce pressure in the 
closing cylinder when in the safety position to en- 
able the use of relatively light mechanical restraint 
device. There must, however, be mechanical inter- 
locking. 

Inter-locking is necessary to prevent injection be- 
fore full locking force has been applied to the platen. 

There must be full inter-locking control of sequence 
of operations. This also acts as a secondary safe- 
guard to the major. safeguards of inter-locking, as 
applied above. 

These Committee papers have been distributed 
widely to association members, machine makers, 
guard makers, and local factory inspectors. A further 
report is in preparation on tool setting dangers; also 
accident statistics are being collected. 

New Machine Guards. The organization producing 
the new automatic die temperature control has also 
produced a machine guard which does not hinder 
die changes, and which is inter-locked with the die- 
closure mechanism so that it is impossible to close the 
dies unless the guard is in position. 

The basis of the design is the frame (Figs. 2 and 
3) which slides on rollers along a guide bar at the 
base of the machine. Attached to the base of the 
frame is an interlock slide. This has at one end a 
hole into which a pin drops when the guard is closed. 
Until the guard is closed this pin prevents the oper- 
ation of the valve for die closure. There is a similar 
interlock on the injection valve. 

The guard panels, of light alloy, are mounted on 
to this frame with quick release fasteners of the 
type used on aircraft cockpit covers. An electrical 
circuit is incorporated into the panel fastenings so 
that the machine cannot be operated unless the pan- 
els are in position. There is thus no possibility of the 
machine being accidentally set in motion while the 
guard is open or the panels are not in position. 

For die changing, it is only necessary to remove 
the panels in order to leave ample space for removal 
and replacement of the die set. In all die-casting 
machines, alignment of the dies can only be assured 
if the machine can be opened and closed and for 
this purpose “inching” is possible while the guard 
panels are off, using the manual controls. This per- 
mits the proper location of the die set, while elimi- 


Fig. 3 — Guard frame with panels removed. 

Courtesy the Metal Industry 
nating any danger of an operator being jammed be- 
tween the closing dies. The removal of the die panels 
does not interfere with the setting of the guard 
inter-locks, so that, on replacement of the guard 
panels, the system becomes fully effective at once. 

The guard is provided with its own air cylinder 
operation, inter-locked with the die-closing mechan- 
ism as described. The large clearances between 
guard and die-set allow adequate room for all normal 
and even elaborate core-pulling facilities. For unusu- 
ally long cores, special panels can be constructed. 
Around all edges of the guard is a rolled’ rubber 
bead which further protects the operator. 


Mechanical Handling 


In recent years there has been considerable im- 
provement in the handling of metal and castings, 
largely stimulated by study of American systems, ap- 
plied on a more simplified scale because of the com- 
paratively short runs. 

Installation A. One jobbing firm, aiming at offset- 
ting increasing costs by greater efficiency of opera- 
tion, has installed in a new factory a flowline han- 
dling system, based on their own planning and on 
the results of contacts with their American friends. 
It is the policy of the company to operate the expen- 
sive die-casting machines on a night and day basis, 
while the bulk of the finishing operations are effi- 
ciently and economically performed by female labor 
operating only on day shifts. 

In accordance with this policy, the new layout 
consists of an individual conveyor serving each ma- 
chine, with a length of nearly 400 ft accommodated 
in several loops above the trimming lines, with ap- 
propriate rises and falls. The conveyor is equipped 
with hanging “trees” onto which each complete spray 
of castings is hung in such a way that castings can- 
not touch each other, thus avoiding any possibility 
of damage. The conveyor moves the “trees” away 
from the casting machine into close-packed storage 
in the roof space. 

The first operator on the trimming line can call 
carriers either from this bulk store from the night 
shift, or direct from the casting machines, according 
to the time of day. Finishing lines operate at twice 
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TABLE 5 — STANDARD MAGNESIUM ALLOYS FOR PERMANENT MOLD CASTINGS 





Main Alloying Elements 
per cent 





Rare 
Earth 
Mn Zr Metals Th 














pec. Spec. Name _ Al Zn 
by tae" A8& 8 0.5 0.3 bie ed 
ae A8 8 0.5 0.3 oe ge 
1378 tg. AZ.91 9.5 0.5 0.3 nT ery 
i AZ.91 9.5 0.5 0.3 ere 
ire. AZ.91 9.5 0.5 0.3 haa 
.. 708 ZRE.1 ; 2.2 es 0.6 2.7 
711A Z5Z 4.5 oa ae 
721A Z5Z 4.5 se ee 
738 RZ5 4.0 5 oF: 13 
748 RZ5 ze 4.0 3 0.7 1.2 
Cc 7.5-9.5 03-15 015min ..... 
C 7.5-9.5 0.3-1.5 0.15 min 
C 7.5-9.5 0.3-1.5 0.15 min 


Tensile Properties 
(minima) 
Tensile Elon- 

0.1% P.S. Strength gation Related 
Conditions t/sq.in. t/sq. in. % A.S.T.M. Spec. 
As cast (4.5) 9.0 3 ri 
Soln h.t (4.5) 13.0 6 AZ8l1 T4 : 
As cast (4.5) 8.0 .. AZ91c F/B.80 557 
Soln h.t (5.0) 13.0 4 AZ9lc T4/B.80 T 
Fully h.t (6.5) 13.0 1 AZ9lc T6/B.80 55T 
Stabilized (5.5) 9.0 8 EZ383A T5/B.80 55T 
As cast (7.0) 13.0 7 ZKSIA F 4 
Heat treated (8.5) 15.0 5 ZK.51A T5/B.80 55T 
As cast (6.0) 11.0 8 nS: - ‘ 
Heat treated eo 13.0 8 ZE4l T6 
As cast 4.0 8.0 2 eh 75 
Soln h.t 50) 12.0 4 
Fully h.t (5.0 13.0 1 ‘ 


For die castings, “C” alloy, with 8-]0% Al and 0.3-1.5% Zn is used. Bery- 
Ilium is added to reduce inflammability of the melts. 





the speed of casting, the first operation being press- 
ing of each casting from its sprues, runners and vents, 
when it is dropped on to a fabric belt conveyor for 
subsequent operations, the sprues etc. passing to the 
metal reclaiming conveyor. The main trimming lines 
are planned to be adaptable to as large a range of 
castings as possible, the average length of run of 
components being little more than one week. 

The problem has been met by the most careful 
selection of machinery for each line, training of oper- 
atives to the variety of tasks, and meticulous atten- 
tion to the planning of the production program. In 
this connection, the possibility of using a punch card 
system for production planning is being considered, 
taking into account the fact that each die casting job 
can be classified by the number and type of opera- 
tions to be performed on it, and that each line has 
been laid out in regard to length, machinery, num- 
ber of operations etc., common to a group or range 
of jobs. 

Experience of this new installation to date has 
shown that cost of handling material within the pro- 
duction lines has been reduced by about 90 per cent, 
production is achieved in half the floor space re- 
quired by the traditional layouts. The “through” time 
for orders has been reduced to one-seventh of that 
previously required, the damage to articles is negli- 
gible, even at a flow rate of 500-600 per hr and the 
cost of preparatory and finishing operations for subse- 
quent plating has been reduced ky at least 20 per 
cent. 

It is estimated that the cost of the conveyor in- 
stallation when set against the reduced handling 
labor costs will be recovered in a period of about 
8 years. In fact, combined with electronic control 
of die casting machines and a continuous flow system 
of molten metal, previously referred to, the new in- 
stallation provides a highly successful production unit. 

Installation B. In a foundry specializing in alumini- 
um-bronze permanent mold castings, the products 
from the machines are conveyed in batch pans 
through the whole sequence of finishing operations 
on power or gravity tracks and, at one stage, an 
electric truck. At no point is there any lifting by 
an operator. 

Installation C. In this installation, conveyor buckets 
are automatically tripped at appropriate stages to 


deposit castings on to a conveyor belt for removal 
of sprues etc., inspection and sorting, after which 
they are returned to the empty buckets on the line 
for further finishing operations. If required, the in- 
coming full buckets may be “shorted” to a second 
line of operations. 

Fettling and Finishing 

For the larger runs, press tools are employed for 
removal of flash, but in the majority of plants the 
size of orders does not justify this and hand fettling 
is the usual procedure. 

With some designs, particularly where an impor- 
tant dimension comes across a die joint, it is more 
economical to cast the article to dimensions, which 
allows for a small final machining operation. In such 
cases, additional economies can be effected by com- 
bining fettling with this machining operation. 

In a copper-alloy foundry, effective use is made 
of alumina or carborundum grit wheels, 12 in.-14 in. 
diameter by 3/32-in. thick, running at 5,100 rpm 
and removing runners and risers from 300 castings 
per hr. Power-driven, hand-operated, grinding and fil- 
ing tools are used, especially for small recesses and 
re-entrants, in addition to the conventional methods 
of fettling. Capstan lathes with specially designed 
air-operated chucks are used for subsequent machin- 
ing; power presses are used for broaching, shaving 
and coining. Thread milling machines are used for 
internal threading for accuracy and high rates of pro- 
duction. 


Industrial Standards 


British Standard Specifications. The British Stand- 
ards Institution is as active as ever in its efforts to 
standardize industrial alloys, to amend specifications 
in the light of new knowledge and experience and, 
where feasible, to reduce the numbers of alloys by 
rationalization. There is continuing collaboration with 
Government departments in an effort wherever prac- 
ticable to meet service requirements with British 
Standards specifications. 

The specifications covering the commercial die 
and permanent mold casting alloys have been indi- 
cated in Tables 4-8. While these do not cover all 
the alloys used, they account for the bulk of com- 
mercial production and thus promote the standardi- 
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TABLE 6 — STANDARD ZINC ALLOYS FOR DIE CASTINGS 





B.S. Main Elements — % 
Spec. Fe, Pb, Cd, . In, Ti, 


max max max max max 


1004A I 3.8-4.: y q 0.10 0.005 0.005 ; 0.0005 0.001 
; 3.5-4.: ' : 0.100 0.007 0.005 k ; AG.40A/86-53T 

1004B ‘ Be’ 8-4. . y 0.10 0.005 0.005 : 0.0005 0.001 
, p 0.100 0.007 * 0.005 : : AG.41A/86-53T 





Related 
A.S.T.M. Spec. 








zation of products, and assist designers considerably 
in their choice of materials. 

For zinc-alloy die castings, B.S. 1005, “Sampling 
and Analysis of High Purity Zinc and Zinc Alloys for 
Die Castings”, and B.S. 1225, “Recommended Meth- 
ods for Polarographic and Spectrographic Analysis 
of High Purity Zinc and Zinc Alloys for Die Casting” 
have been of value. 

British Standards Code of Practice C.P. 3001 is 
concerned with zinc-alloy die casting and covers com- 
positions and properties, design considerations, work- 
ing practices and inspection. Appendices of the code 
deal with the weight test and list mechanical prop- 
erties and dimensional changes on aging. 

The quality of zinc-alloy die casting is further 
safeguarded by the British Standard Certification 
Mark Scheme introduced in 1954, five years after 
the introduction of a similar scheme in the United 
States. Under this scheme, die-casting firms may be 
licensed to use the official B.S. Kite mark on their 
castings as a guarantee of their compliance with 
B.S. 1004. The 40 firms at present participating in the 
scheme have to provide analytical control to the sat- 
isfaction of the B.S.I. inspectors. Similar schemes are 
in operation in France and Germany. 

Engineering Standards for Die Castings. These 
standards were prepared by the Technical Committee 
of the Zinc Alloy Die Casters Association, in collabora- 
tion with the American Die Casting Institute, and 
with the assistance and approval of the Technical 
Committee of the Light Metal Founders Association. 

Recognizing that fine tolerances need be held as 
a rule on only a few dimensions in any one casting, 
these standards lay down for aluminum, magnesium 
and zinc alloys, tolerances which will be a guide to 
production at the most economic level consistent with 
fast, uninterrupted production, maximum die and tool 
life and low maintenance costs. 


Inspection and Quality Control 


For chemical analysis, increasing use is being made 
of the spectrograph, and in a few cases direct read- 
ing instruments have been installed. 

Radiographic examination, visual or photographic, 
is frequently employed in determining optimum die 
design and technique of production for a new com- 
ponent and in the early stages of production. Radio- 
graphic examination is also sometimes used as a 
check on batch production in conjunction with sec- 
tioning and break-up. This examination is facilitated 
by the current availability at an economic price of 
radio isotopes. 

A weight test is sometimes called for, especially 
where failure from porosity could result in accidents 
or serious machine failure; the latest type of weigh- 
ing machine can deal with 800-1,000 parts per hr. 
Impressions must be within, say, 2-1/2 per cent of an 
agreed figure, based on an acceptable degree of sound- 
ness determined by radiographs or sectioning. 

Normal procedures operate for visual examination, 
crack detection, dimensional and distortion checks, 
and mechanical testing. 


Surface Treatments 


These are usually of a conventional type, such as 
chromate passivation of zinc, acid chromating (for 
commercial castings), alkali chromating (for aircraft 
components) of magnesium, electro-plating, etc. 

With anodic oxidation, it is normally impossible to 
obtain an attractive finish. Under experimental con- 
ditions one firm has obtained a high degree of polish 
by anodizing after mechanical and chemical bright- 
ening, using super-pure aluminium. The technique is 
not yet in production. 

The British Non-Ferrous Metals Research Associa- 
tion has been investigating the causes of blistering of 
nickel-chromium plated zinc-alloy die castings. 


TABLE 7 — STANDARD COPPER ALLOYS FOR DIE AND PERMANENT MOLD CASTINGS 





Main Elements — % 


Tensile Properties 





Al Pb 


Tensile Elonga- 
Strength tion % 
t/sq. in. 





0.5°° 
0.5°° 
0.5°* 
0.5°* 
1.0°* 
2.5°° 
8.5-10.5 
8.5-10.5 


*Draft revision of B.S. 1400 
®°max 
*°°min 


25 min. 


20 min. 


18 min. 


20 min. 


32 20 
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40 
(0.1%ps-16) 
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Fig. 4— Service blisters on a plated car door handle. 


Courtesy British Non-ferrous Metals Research Association 


TABLE 8 — CLASSIFICATION OF SERVICE DIE 
CASTINGS ACCORDING TO THEIR APPLICATION 


Class Aircraft Armament Stores 


1 A part, the failure of which An explosive store, or 
in flight, landing, or take-off component of an explo- 
might be the direct cause of: sive store, the failure of 

a) structural collapse which at any time would 
b) loss of control lead to a serious accident 
c) failure of motive power or to the loss of service- 
d) unintentional operation of ability of an important 

or inability to operate any item of service equip- 

services or equipment es- ment. 

sential to the safety or 

operational function of or 

e aeroplane 








A non-explosive store, or 
or component, the failure of 
which in use mi 
e) injury to any occupant. the direct cause of an 
(If failure would only accident or the loss of 
lead through a second an important item of 
unlikely event e.g. a service equipment. (If 
broken aerial mast-jam- the failure of a non-ex- 
ming the tail unit con- plosive store or compon- 
trols, the part is not ent would only lead to 
within the definitions of danger through a sec- 
Class 1). ond unlikely event the 
part does not come with- 
5 the definitions of Class 


2 A part, store, or component, which is stressed in service, 
but which is not covered by the terms of Class 1. 


8S A part, store, or component, which is unstressed or only 
li tly stressed, and which is not covered by the terms 
of Class 1. 








Fig. 5 — Section cut through a blister showing penetration of 
the plating and internal corrosion. 
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The results of work on process blistering occurring 
during or shortly after plating are not yet released 
for publication. 

In a study of blistering occurring during service, 
a wide variety of components plated at different 
times over six months by two firms were exposed in 
the atmosphere. Every blister that formed was found 
to be associated with a small hole in the coating, 
and every blister opened up was found to be full 
of zinc corrosion product (Figs. 4 and 5). Thus the 
service performance of plated zinc was found to be 
determined by the resistance of the coating to pene- 
tration. 

The current British Standard specification requires 
a minimum thickness of 0.0003 in. of copper and 
0.0006 in. of nickel. While variation of the copper 
thickness was shown to have no effect, increase of 
the nickel coating to 0.0009/0.001 in. resulted in 
resistance to penetration in normal environments, 
and the specification is being amended accordingly. 

The possibility of producing an anodic coating on 
die-cast zinc alloy has also been investigated. The 
initial zinc oxide film (greyish-white and porous) 
was produced by anodizing in a solution of sodium 
hydroxide and sodium carbonate. It was then heated 
in an autoclave in silicate solution to seal and give 
durability. Unfortunately, only one uniform, greenish- 
yellow color was obtained by dying, and flow lines 
were very marked. 

After several weeks’ exposure in a severe indus- 
trial atmosphere the appearance of the dyed coating 
had deteriorated and the condition was poorer than 
that of the undyed coating. The technique has been 
abandoned as of no practical interest and work on 
other methods is now in progress. 


PRODUCTION FOR THE ARMED FORCES 


War Production 


During World War II, Great Britain relied to a con- 
siderable extent on the production of die castings to 
fulfill her ammunition requirements, thereby achiev- 
ing important economies in material and manpower. 
As aluminum was in prior demand for aircraft pur- 
poses, only one ammunition component, a top-fuse 
cap, was die cast in light alloy. The remaining die 
castings were in zinc alloy. During the peak period 
of production, 7 million components of mortar bomb 
fuses, artillery fuses, mechanical time fuses, and hand 
grenades were being die cast per week. 

Many components produced by die casting had for- 
merly been pressed or machined parts, but eventually 
the necessity and advantages of designing for die 
casting were recognized. 


Current Production 


Since the war, the re-armament period and the 
Korean campaign, production requirements have de- 
creased considerably. 

Zinc alloy continues to be used for the bulk of am- 
munition components of the type produced in World 
War II. However, with the greater availability and 
more economic price of aluminum and, in some 
cases, the need for weight saving, the use of alumi- 
num alloys has been extended for some die-cast 
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components such as spacers and boosters on off-shore 
orders, ammunition chargers, bomb arming vanes, 
and ammunition box supports. 

Magnesium alloys and particularly aluminum alloys 
continue to be used for aircraft components. 

Recently, there have been attempts to produce a 
large leaded-brass fuse body by pressure die casting 
on a horizontal machine (400 tons locking pressure, 
injection pressure 5.4 tons per sq. in. and variable 
injection speed over an 18 in. stroke) instead of by 
hot pressing or machining of extruded bar. 

After trials with different steels, an American die 
steel, containing 0.35 per cent C, 3.5 per cent Cr, 
10 per cent W, 0.2 per cent V, and subject to special 
heat-treatment sequences and precautions to keep 
machining and heat stresses to a minimum, was the 
most successful. It was estimated a die life of at 
least 20,000 castings would have been possible in 
spite of a certain amount of crazing. As the casting 
had to be subsequently machined, surface condition 
was not of special importance in this instance. 

Unsoundness remains the major problem, although 
improvements obtained during the trial are indicated 
by Figs. 6 and 7. Had it been possible to continue 
with the trial, a vertical machine would probably have 
been used in the hope of improving soundness still 
further. 

Although the requisite standard was not obtained 
with the fuse body, the experiments were useful in 
proving that a free machining brass can be die cast, 
and it seems certain that smaller brass ammunition 
components could be satisfactorily die cast in brass. 
In an emergency, limited extruded rod capacity might 
make this necessary. It is estimated that die casting 
would be a little more costly than production from 
extruded rod or hot pressing. 

A complicated thin-walled initiator casing has been 
successfully die cast in leaded brass. In view, how- 
ever, of the greater weight, the more complex manu- 
facturing process and more careful inspection required, 
the higher costs, the component will continue to be 
produced in zinc alloy. 


Fig. 6 — Left—Sectioned body showing 
porosity. Earlier trials. 


Fig. 7 — Right—sectioned body showing 
porosity. Later trials. 
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All zine alloy die castings for service purposes 
are now ordered to Ministry of Defense Specification 
DEF 17, “Zinc Alloy Pressure Die Castings (Control 
of Manufacture and Inspection)”, which was spon- 
sored by the advisory committee (die casting). This 
specifies the material to be used (B.S. 1004, Alloy A), 
and also covers types of casting machines, approval 
of the products of new or modified dies, dimensions 
and finish, chemical analysis and weight, and sound- 
ness tests. The specification features are: 

1. All castings are classified according to the extent 
to which a failure of the casting would cause a 
serious accident (Table 8). 

2. Specified scrap is permitted in varying quantities 
according to the casting classification. 

3. Tin, cadmium, lead and indium are rigidly exclud- 
ed from the casting area. 

4. The casting machine must inject the metal into 
the die by power operated plunger. 

5. Thermostatic control of metal in the melting pot 
is required. 

6. Initial castings made after starting machines from 
cold are scrapped. 


Control of Manufacture and Inspection 


In 1941, under the aegis of the Ministry of Supply, 
an advisory committee (die casting), consisting of 
representatives of the service departments (army, 
navy and air force) and the die casting industry, was 
formed to deal with problems of design, production, 
inspection and control of quality of zinc alloy die 
castings. The terms of reference were subsequently 
widened to cover die and permanent mold castings 
in any alloy. 

In furthering its principal object the committee di- 
rected its activities mainly to: 

1. Specifications. 

2. Improvement of inspection facilities and standards. 

3. Preparation of a handbook on die and permanent 
mold casting. 

4. A program of tests on die and permanent mold 
casting alloys at various temperatures. 
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Specifications 

Zinc Alloy Die Castings. During World War II 
(1941), the committee collaborated with the British 
Standards Institution in their production of B.S. 1003 
(for high-purity zinc 99.99 per cent) and B.S. 1004 
(for two die-casting alloys and die castings). This 
group set very low limits for lead, tin and cadmium, 
the presence of which in excess amounts had caused 
embrittlement and failure of castings in the early 
phases of the war. The specification was amended 
in 1955 by the introduction of limits for thallium 
and indium at 0.001 per cent and 0.005 per cent 
respectively. 

Aluminum Alloy Die Castings. These are now cov- 
ered by specification DEF 30, “Aluminum Alloy Pres- 
sure Die Castings (Control of Manufacture and In- 
spection)”, which was also sponsored by the advisory 
committee. 

Where appropriate, this specification is similar to 
DEF 17. The materials are not specified but in an 
appendix, chemical compositions, mechanical proper- 
ties and general remarks are given in respect to 
three alloys, B.S. 1490-LM-2M, 6M, 24M, specially 
recommended for service application. The proportion 
of scrap used is not limited, but safeguards against 
undesirable contamination are included. The use of 
hot-chamber machines is precluded as a precaution 
against excessive iron pick-up. Approval of products 
of a new or modified die, dimensions and finish, chem- 
ical analysis, tensile end soundness tests are also 
covered. 

Magnesium and Copper Base Alloy Die Castings. 
The use of these materials for service die castings 
has been relatively small, and it has not been con- 
sidered necessary to draw. up special service stand- 
ards as for zinc and aluminum. The materials used 
are, in general, covered by British Standards. 

Permanent Mold Castings. The use of permanent 
mold aluminum-alloy castings for service purposes 
has been extensive. For armament applications, how- 
ever, no special specification has been drawn up, 
materials to B.S. 1490 being used. Inspection require- 
ments are in the main more closely aligned with 
practice for sand castings, and have not therefore 
been of concern to the advisory committee (die cast- 
ing). 

Steps are currently being taken to ensure that 
all forms of castings are classified in accordance with 
Table 8 in order to assist the founder and inspector 
on the degree of inspection required. 


Improvement of Inspection Facilities and Standards 


During the war, the committee initiated a scheme, 
which is still in being, whereby sample castings from 
new or modified dies are critically examined by x-rays 
before bulk production is approved. Radiographic 
equipment was installed in foundries with high out- 
put, and at suitably located Government inspection 
laboratories throughout the country. 

At most foundries a casting or spray is submitted 
to the government inspectorate as soon as the founder 
considers the standard of the pre-production run is up 
to requirements of the contract. The casting is radio- 
graphed, and if accepted, the radiograph is retained 
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by the inspectorate. If the casting is unacceptable 
the radiograph is sent to the foundry. 

After production commences, sample castings are 
selected from each machine on a minimum laid down 
for the day or production run. These are radiographed 
and compared with the standard. Radiographs show- 
ing a falling off in standard are sent to the founder 
for remedial action. 

This periodic x-ray of castings in the course of 
production is called for through the medium of the 
“Inspection Instructions” issued by the inspectorates. 
These detailed instructions, drawn up partly as a re- 
sult of committee efforts, are used both by the con- 
tracting founder, and the official inspector, and are 
an important factor in ensuring the maintenance 
of a high standard of quality of castings for service 


purposes. 


Preparation of “A Handbook on Die Castings for 
Service Designers and Inspectors” 


During the War, the committee published a small 
brochure, “Zinc Alloy Pressure Die Castings for Serv- 
ice Application”, which briefly indicated the advan- 
tages of using die castings, and gave some data on 
the mechanical properties at normal and low temper- 
atures, information on corrosion resistance, and serv- 
ice experience with dropping trials to test impact 
resistance of castings in-situ. 

In 1953, the committee published a larger hand- 
book aimed at assisting, in particular, the designer, 
1) to appreciate fully the advantages and limitations 
of the die and permanent mold casting processes, 
2) to assess the suitability of a particular component 
for production as a die casting or permanent mold 
casting, 3) to make the best choice of materials avail- 
able, and 4) to design a component so as to take 
full advantage of the potentialities of the process and 
material chosen. 

Although specifically prepared for designers and in- 
spectors in service departments, the handbook was 
made generally available through Her Majesty’s Sta- 
tionery Office. To date some 1,000 copies have been 
sold. It includes chapters on the die and perma- 
nent mold casting processes; dies; alloys—zinc, alumi- 
num, magnesium, copper, tin, lead and cast iron; 
design of castings; service inspection and useful tables 
of compositions, physical and mechanical properties, 
tolerances, drafts, tapers, etc. 


The Tensile and Impact Properties of Die and Per- 
manent Mold Casting Alloys at Various Temperatures 


During the post World War II re-armament period, 
the committee decided to sponsor a program of tests 
to provide designers with reliable data on the me- 
chanical properties at temperatures ranging from —55 
C to +70 C (—67 to +158 F) of commercially avail- 
able die and permanent mold casting alloys which had 
been cast by industry under similar conditions. The 
materials tested comprised 2 zinc, 16 aluminum, 3 
magnesium, and 5 copper alloys, which, together 
with the heat treated materials, made the total num- 
ber of variants 37. 

The die-cast tensile test pieces and the unnotched 
impact test pieces were to the A.S.T.M. design. Im- 
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pact test pieces to B.S. 131 (Fig. 1) with a standard 
Izod notch were also included. 

The tests were carried out six months after the 
date of casting, and some selected materials are be- 
ing tested after three years aging at 18 C (64 F). 

Test results to date are summarized in Table 9 
and Figs. 8-12, reproduced from an unpublished Min- 
istry of Supply report by H. Waterhouse, 1958, which 
deals with the program in detail. The most impor- 
tant findings of the investigation were: 

1. The alloys tested covered a range of tensile 
strengths from 11-47 tons per sq. in., of elongation 
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Fig. 11 — Variation of properties with temperature pressure 
and gravity die cast magnesium alloys. 
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Fig. 12— Variation of properties with temperature gravity 
die cast copper alloys. 
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figures up to 70 per cent, and of impact values up to 

70 ft-lb. 

. The effect of increasing temperature from —50 C to 
+70 C (—67 F to +158 F) did not produce any rec- 
ognizable trends beyond a slight general falling of 
tensile strength, except as given in the following 
paragraphs. 

Zinc Alloys. The impact strength (unnotched bar) 
decreased from 34 ft-lb at 70 C (158 F) to 1 ft-lb at 
—55 C (—67 F). 

Aluminum Alloys. Permanent mold casting alloy 
B.S. 1490-LM10-W increased in impact strength from 
19 ft-lb at 70 C (158 F) to 30 ft-lb at —55 C (—67 F) 
with an unnotched bar and conversely decreased 
from 10 ft-lb at 20 C (68 F) to 6.5 ft-lb at —55 C 
(—67 F) with a notched bar. 

Magnesium Alloys. The tensile strength of perma- 
nent mold casting alloy DTD.721 increased from 16 
tons per sq. in. at 70 C (158 F) to 20 tons per sq. in. 
at —55 C (—67 F), while the elongation decreased 
from 25 to 7 per cent. 

Copper Alloys. Permanent mold cast 60-40 brass 
showed a distinct drop in tensile strength from 72 
tons per sq. in. at 20 C (68 F) to 62 tons per sq. in. 
at 70 C (158 F). 

8. The effects of methods of casting on three alumin- 
um alloys and one magnesium alloy die cast and 
also cast in a permanent mold, were wholly in- 
consistent. 

4, The variation in results did not generally agree 
with difference in the degree of unsoundness 
revealed by radiographic examination. 

The results of a particular alloy at a particular tem- 


perature frequently showed a high degree of scatter 
and this probably masked the effects of temperatures 
where these were small. This applied more especially 
to the elongation and impact values than to the ten- 
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sile strengths. The copper alloys were the most con- 

sistent materials. There was little to choose between 

the consistencies of the die and permanent mold 
cast forms of the four alloys produced by both meth- 
ods. 

5. The zinc alloys showed no appreciable change after 
3 years aging. Other tests on aged alloys are not 
yet complete. 

Prior to the formation of the advisory committee 
(die casting), zinc alloy die castings in particular 
were not held in high esteem for important applica- 
tions. This was due to: a lack of understanding of 
their properties, to some unfortunate experiences re- 
sulting from the use of impure metal, and to inferior 
production of individual firms which did not have 
the necessary plant and technique. 

The activities of the committee outlined above 
have undoubtedly resulted in focusing attention on 
the use of die and permanent mold castings for serv- 
ice applications and in a general raising of production 
standards throughout the industry. Moreover, design- 
ers have been provided with more reliable informa- 
tion which enables them to assess the suitability of 
die castings for particular applications, and greater 
use is now made of facilities for discussing proposed 
new designs of die or permanent mold castings with 
the manufacturers. 
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HIGH STRENGTH ALUMINUM ALLOY X357 


PROPERTIES AND AGING PRACTICES 


Alan B. DeRoss* 


ABSTRACT 


This paper discusses the heat-treating practices and 
mechanical properties of a high-purity aluminum casting 
alloy X357. This alloy is basically an aluminum-silicon- 
magnesium type. It develops exceptionally high tensile 
and yield strengths with good ductility after heat treat- 
ment. High temperature solution and aging cycles are 
used. Separately cast test bars show vield strength to be 
in the range of 43,000 psi and ultimate strength above 


established foundry techniques are used in melting, 
fluxing and pouring. High purity alloy X357 exhibits 
all the desirable foundry characteristics associated with 
castability, machinability, dimensional stability, and cor- 
rosion resistance. 
INTRODUCTION 

It has become increasingly evident that aluminum 
casting applications in structural and highly stressed 
components are facing a definite challenge for the 
replacement of other more expensive fabricated units. 
An aluminum casting alloy designed to meet the 
stringent qualifications imposed by the design engi- 
neers would have to exhibit high tensile and yield 
strengths, have good ductility and dimensional sta- 
bility, exhibit excellent foundry characteristics with 
good machinability and corrosion resistance. 

There are several aluminum casting alloys avail- 
able! that exhibit high tensile strengths and high 
ductility, however, most of these alloys have low 
yield strengths. There are also those alloys that devel- 
op high yield points but exhibit very low ductility 
levels. Almost all of these alloys have the disadvantage 
of poor castability, thus limiting their successful appli- 
cation to more complex casting designs. 

Aluminum casting alloy X357 was developed to fill 
the need for a higher tensile—higher yield strength 
casting alloy with good ductility. The alloy should 
find ready application where high yield strength is of 
prime concern such as in highly stressed aircraft and 
missile structures, high velocity blowers and impellers. 
Because of the higher strength levels developed with 
X357, it is possible to design castings with smaller 
cross-sectional areas to reduce weight without sacri- 
ficing strength. A significant advance is that the prop- 
erties of medium-strength forging alloys are within the 
range of the permanent mold properties of X357. 


*Technical Specialist, Pig and’ Ingot Dept., Kaiser Aluminum 
& Chemical Sales, Inc., Chicago. 





The high-strength potential of alloy X357 is made 
possible by limiting impurities to as low a value as 
practicable, while making available an alloy that is 
commercially practical from a metal purity stand- 
point. For example, it is well known that iron has a 
detrimental effect on the ductility of aluminum-sili- 
con-magnesium alloys. 

According to Mondolfo* and Bonsack®, a beta iron- 
silicon intermetallic compound occurs in these alloys 
in the form of large thin needles and plates. Like 
most intermetallic compounds, it is brittle and reduces 
ductility in proportion to the amount present. Be- 
cause of its effect on ductility, the iron in alloy X357 
is limited to a maximum of 0.15 per cent. The micro- 
structure of high-purity aluminum alloy X357 taken 
from a casting is shown in Fig. 1. 

It is apparent from the photomicrograph that very 
little beta iron-silicon constituent is in evidence. Also, 
good modification of the silicon eutectic structure is 
exhibited although no attempt was made at artificial 
modificaion. The alloy ingot specification for high 
purity X357 is shown in Table 1 along with—a typical 
chemical analysis of the alloy used in this investiga- 
tion. Of significant interest other than the low iron 
content, is the low concentration of other impurities. 

This specification it typical of the excellent quality 
of primary material available on the market today. 
Since the strength of aluminum-silicon-magnesium al- 
loys is developed by the formation of an intermetal- 
lic compound, magnesium silicide, it seemed a natural 
step with high purity material to increase the mag- 
nesium content to a higher value than that nor- 
mally found in other aluminum-silicon-magnesium 
alloys used in sand and permanent mold casting. In 
effect, the increase in magnesium should raise the 
yield and tensile strengths, and still leave the alloy 
with a good ductility level. 

The higher purity of alloy X357 permits the use 
of more complete artificial aging. The full potential 
strength values could be developed in this way with- 
out approaching brittleness. By using high solution 
heat-treating temperatures and high aging tempera- 
tures, the permanent mold properties were developed 
to 52,000 psi tensile strength, 43,000 yield strength, 
and 5 per cent elongation. Those for sand cast were 
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50,000 tensile strength, 43,000 yield strength, and 2 
per cent elongation. 


EXPERIMENTAL PROCEDURE 


In many instances development work performed in 
a laboratory may exhibit results not readily obtain- 
able in the production field. This is no criticism of 
laboratory work, since there are definite functions 
that cannot be accomplished elsewhere. However, 
production techniques are not readily reproducible in 
the laboratory. For this reason all the melting and 
casting of test specimens for this investigation was 
carried out in several foundries throughout the coun- 
try using production equipment under production con- 
ditions. In all cases, established melting and casting 
techniques were followed throughout this investiga- 
tion. 

All furnace charges were alloy ingot and were melt- 
ed in oil- and gas-fired crucible-type furnaces with 
either silicon-carbide, clay-bonded graphite, or refrac- 
tory-coated iron crucibles. Approximately 300 lb of 
aluminum was melted at one time. Fluxing was accom- 
plished in some cases using chlorine gas. Hexachloro- 
ethane compounds were used in other cases. The 
actual fluxing time was approximately one min for 
each 100 Ib of material. 

Casting temperatures for both sand-cast and perma- 
nent-mold castings averaged approximately 1300 F 
(705 C) to 1820 F (715 C). Average operating tem- 
peratures of the permanent molds were approximately 
625 F (330 C). Sand-cast test specimens were cast 
in natural-bonded green molding sand. 

Standard test bar designs were used for both sand 
and permanent mold test specimens. In order to gain 
a good cross-esction of test bar mold designs, no 
attempt was made to use a single gating or mold 
design. It should be of interest to note that gating 
designs varied considerably, and moid designs con- 
tained one to six cavities. 

Solution heat treatment was performed in a circu- 
latory air furnace. The test specimens were held at a 
temperature of 1000 F to 1010 F (538 C to 543 C) 
plus or minus five degrees, for 12 hr. They were 
then quenched into water which was at a minimum 
temperature of 180 F (82 C). Aging cycles were ac- 
complished in the same furnace at 320 F (160 C), 
350 F (177 C), 400 F (205 C), and 450 F (232 C). 
Time at temperature varied from two hr to 10 hr. No 
holding periods between quenching and aging cycles 
were used. 


OBSERVED DATA 


It is important with high purity alloy X357 that 
foundry melting practices be controlled to eliminate 
the possibility of iron pickup or other impurities from 
equipment or foreign contaminates. The chemical 
composition of the alloy should be maintained as 
close to the nominal amount as possible. This is 
particularly true of the magnesium content 0.50 per 
cent nominal. Observations by the author indicate 
that a significant reduction in tensile and yield prop- 
erties can result if the magnesium content is allowed 
to drop below 0.45 per cent. 

Fluxing with chlorine gas is desirable although it 
must .he well controlled as excessive chlorine gas 
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fluxing will remove magnesium and thereby reduce 
the net amount of magnesium remaining in the cast- 
ing. Although chlorine gas is an excellent fluxing agent, 
its use in high purity X357 is not altogether neces- 
sary. Aluminum chloride, hexachloroethane, and other 
generally accepted chemicals are suitable. Observation 
indicates that high-purity alloy X357 has excellent 
mold filling characteristics, machinability, dimensional 
stability, and corrosion resistance. 

Aging curves for alloy X357 are shown in Figs. 2, 
8, 4, and 5. 

The curves indicate the highest strengths were 
obtained with an aging cycle of six hr at 350 F 
(177 C) for both permanent mold and sand cast. 
Varying aging temperatures from 320 (160 C)-450 F 
(232 C) at a fixed time of six hr indicated the best 
aging temperature to be 350 F (177 C) for both 
permanent mold and sand cast. These curves also 
reveal that the permanent mold tensile and yield 


TABLE 1 — X357 ALLOY INGOT SPECIFICATION AND 
TYPICAL ANALYSIS 











Element X357 Specification Typical Analysis 
Cu 0.05 Max 0.007 
Si 6.5 - 7.5 7.02 
Fe 0.15 Max 0.11 
Mg 0.45 - 0.60 0.54 
Zn 0.03 Max 0.01 
Mn 0.03 Max 0.002 
Li 0.10 - 0.20 0.16 
Other 
Kignemte 0.03 Max 
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Fig. 1—High purity alloy X357 showing the beta iron-silicon 
constituent (light-needle shape). Unetched, X250, section from 
casting. T-6 condition. 
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properties are substantially the same as the sand cast It must be remembered that alloy X357 was devel- 
properties. However, elongation values follow a nor- oped to obtain high yield strengths for applications 
mal course and maintain a respectable difference. where ‘this value is of prime importance. If ductility 
The fact that the sand-cast elongation values are is of primary importance alloy A356 is recommended. 
lower than the permanent-mold values is not consid- At any rate, since structural castings should be de- 
ered significant. signed to the yield point of the alloy, it is difficult 
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HOURS @ 350° F 
Fig. 3—Aging curves, sand cast, X357. 
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Fig. 2—Aging curves, permanent mold, X357. 
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TABLE 2 — AVERAGE BRINELL HARDNESS 

Aged 6 Hr at 

Temp. F Shown Sand Cast Permanent Mold 

320 75 85 
350 90 100 
400 70 85 
450 60 70 





TABLE 3 — AVERAGE PROPERTIES WHEN AGED 6 HR 
AT 350 F 





Tensile Strength, Tensile Yield Elongation Per Cent 





psi Strength® psi in 2 in. Remarks 
52,000 43,000 5.0 Perm. Mold 
50,000 43,000 2.0 Sand Cast 


*Offset = 0.2 per cent 





TABLE 4 — SUGGESTED AGING CYCLE FOR 
SAND CAST AND PERMANENT MOLD 


Temper Time, Hr 
T6 6 350 





Temp., F 








to say what elongation value is sufficient and what 
value is not. 

The average Brinell hardness values for alloy X357 
are shown in Table 2 for different temperatures. The 
aging time in each case was six hr. The high values 
obtained at 350 F (177 C) are an indication that 
the alloy will exhibit excellent machinability. The 
average mechanical properties as indicated by the 
aging curves in Figs. 2 and 3 are shown in Table 3. 

A suggested aging cycle for the T6 temper is shown 
in Table 4. It is assumed this aging cycle will vary 
depending on the type of heat treating equipment 
available. 


CONCLUSION 


High purity alloy X357 when heat treated exhibits 
superior tensile and yield strengths with good duc- 
tility. The alloy should find wide acceptance for ap- 
plications involving highly stressed parts where high 
yield strength is a prime concern. The foundry char- 
acteristics of the alloy are excellent and no unusual 
melting or casting techniques are required to develop 
its full potential strength. 
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The alloy also exhibits excellent machinability as 
indicated by its high hardness values. Dimensional 
stability and corrosion resistance are also excellent. 

The high strength values of X357 are developed 
by solution heat treatment and artificial aging. Fur- 
nace equipment designed to maintain temperatures 
within a limit of plus or minus 10 degrees is entirely 
suitable. 

No attempt was made in this investigation to em- 
ploy a room temperature interval between the quench- 
ing and aging cycle. However, additional ductility 
can be obtained, with some loss in yield strength, by 
employing a 24 hr holding period after the solution 
heat treatment and quenching cycle.* 

It is apparent that aging temperatures higher than 
those usually encountered in the aging of aluminum- 
silicon-magnesium alloys are necessary to develop 
higher yield points in alloy X357. 

There is no indication that mechanical properties 
decrease in value by the use of clean, uncontaminated 
returned foundry scrap in alloy X357 furnace charges. 
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STUDY OF HIGH TEMPERATURE PROPERTIES 
OF SHELL MOLDS 


Report of Sand Division Committee 8-N on Shell Molding Materials 


Prepared By 


R. A. Rabe* 


ABSTRACT 


A large percentage of the shell-mold casting scrap 
is due to shell cracking and shell expansion defects. 
This report covers work performed in cooperation with 
the AFS Shell Molding Materials Testing Committee 
(8-N) in order to determine the causes of such casting 
defects when various sand and resin mixes were used. 
Hot expansion and tensile strength tests of the shell 
mixes were performed in the laboratory in an attempt 
to correlate these tests with the expansion defects 
found in test pattern castings. 


CONCLUSIONS AND RECOMMENDATIONS 


The shells made with bank sand had less severe 
cracking than those made with an angular grain sili- 
ca sand or a round grain silica sand. Test specimens 
made with the bank sand mixes also had lower hot 
expansion in the laboratory tests. All shell cracking 
took place in the first 15 to 60 sec after pouring. 

The shells made with 6 per cent resin, dry mix 
had less severe cracking and less expansion than the 
shells made with a 4 per cent resin, cold-coated mix, 
for a given shell thickness. 

The plate defect on the cope side of the test cast- 
ing was entirely eliminated by reducing the gate 
area from 1.125 in.? to 0.750 in.?. 

Castings made in silica sand (round or angular 
grain) shells had smoother surface finish than those 
made in bank sand shells. 

Castings made in bank sand shells had fewer sur- 
face defects due to mold expansion than castings 
made in silica sand shells. 

Because shell molds made with bank sand, contain- 
ing up to 1 per cent clay, exhibited less cracking as 
compared to shells made with washed silica sands, 
bank sand is recommended where mold cracking is 
a problem. 


TEST PROCEDURE 


Pattern 
The shell mold test pattern, shown in Fig. 1, was 
designed to promote casting defects. It is semi-circular 


*Project Engineer, Process Development Section, General 


Motors Corp., Detroit. 
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in shape, 8 in. in diameter and 1 in. thick. The sprue 
is 4 in. high and 2.50 in. in diameter at the base. 
The risers are 2.75 in. in diameter. The area of one 
gate was 0.5625 in.? This was reduced to 0.375 in.’ 
after the shells of cold coated Wedron sand and bank 
sand were made in order to eliminate the plate defect 
on the castings. 


Sands 


Three sands were selected for the shell mold mixes 
because they were representative of commercially 
available materials that are being widely used for 
shell molding. Figure 2 shows the sands at 15 diam- 
eters. Figure 3 shows the screen distribution of the 
sands. All three of the sands were sampled by taking 
specimens with a sand sampling tube from eight 
bags of sand. 


Resins 

The cold coated resin listed in the data as resin 
“A” is a powdered resin that has been used success- 
fully for cold coating for several years. 

The dry mix resin was also a powder. This mate- 
rial also has been used commercially for some time. 
It is listed as resin “G” in the data. 


Mixing Procedure 


All sand mixes were made in a No. 30 A speed- 
muller. The cold coated mixes were made in 100-lb 
batches; the dry mixes in 200-Ib batches. The formu- 
lation and cycles are listed in Tables A, B and J in the 
Appendix. 


Shell Making 


All shells were made on a dump-type machine. In- 
vestment and cure were controlled by timers on the 
machine. The pattern was heated to 450 F and the 
temperature was checked before every shell was made. 
Variations in the shell weight with any one mix and 
investment time are due to the variations in the 
amount of sand in the dump box. Five shells were 
made at each investment time. 
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Fig. 1—Shell mold test pattern designed to promote casting 
defects. 


Shell Bonding 


All shells were glued with a powdered resin in a 
shell process bonding fixture. Data were not taken on 
shells that came apart at the parting line due to im- 
proper gluing. When a shell separated at the parting 
during pouring, another was made to replace it. 


Pouring 


The shells were set either in trays or on the floor in 
2 or 3 in. of dry sand. Green sand was packed 
around the sprues. No sand was placed on the copes 
of the shells. Pouring was done from hand ladles, 
with the spout placed as close to the sprue as possible. 
Metal temperatures were taken with an optical pyrom- 
eter while each shell was poured. 


Metal Poured 

Iron of the following analysis C 3.10-3.40, Mn 0.55- 
0.75, P 0.20 max., S 0.20 max., Si 2.15-2.35, Ni 0.07- 
0.15, and Cr 0.15-0.25 was melted in a 50-lb indirect 
arc furnace. Minimum tensile strength of this iron is 
30,000 psi. 


Fig. 2—Screen distribution of sands used for the test. 





Fig. 2a--Wedron No. 8 silica sand; 109 AFS fineness, 3 screen. 
15x. 
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Observations 


The following data were recorded during the tests: 
1. Shell thickness: was measured in two places on a 

flat portion of the shell mold. 

. All shell molds were weighed and numbered after 

they were glued. 

3. Notations were made on shell cracking that oc- 
curred during pouring of the molds. 

4. All castings were numbered after the gates had 
been removed. 

5. After a light sand blast the castings were checked 
dimensionally for diameter and thickness, and vis- 
ually for defects. 

Figure 4 shows the method of measuring cope and 
drag sweli. The casting was levelled on the screws 
so that the dial indicator had a zero reading at the 
two corners and the mid-point of the circumference 
before the center reading was taken. 

The casting diameter was measured on the cope 
side with vernier calipers. 


bo 





Fig. 2b—Vassar bank sand, 112 AFS fineness, 0.9 per cent 
clay, 3 screen. 15X. 





Fig. 2c — Penn glass sand, 117 AFS fineness, 5 screen. 15%. 
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Fig. 3—Screen distribution of the three sands used for the test. 


TABLE 1 — STRENGTHS OF SHELL MIXES 


Cold Coated Mix Dry Mix 
4% Resin “A” 6% Resin “G” 











Penn Penn 
Sand Wedron Bank Glass Wedron Bank Glass 
Screens 3 3 5 3 3 5 
Fineness 109 112 117 109 112 #117 
% Clay 0.88 oe te | eS 
T.S.inpei® 757 334 412 496 491 472 
Weight of 
Specimen 26.5g 25.5g 24.7g 22.0g 22.3g 19.6g 
Loss on 
Combustion 3.46% 3.91% 4.00% 441% 5.90% 5.79% 
T. S. in psi/ 


1% Resin 219 85.5 103 112.5 83.3 81.7 


°AFS tentative standard procedure. 








Fig. 4—The method used for measuring cope and drag 
swell on the test casting. 


Shell Mold High Temperature Properties 


Shell Tensile Strength 


Tensile strengths of the shell mixes were deter- 
mined according to the AFS tentative standard pro- 
cedure. The pattern temperature was 400 F and the 
cure cycle was three min in a 500 F oven. 


High Temperature Tests 


A specimen tube 1.50 in. in diameter and 2.125 in. 
long was first heated to 450 F. It was removed from 
the oven. Then the shell mix was dumped into the 
hot tube by quickly inverting a 2-in. pipe, 6 in. long, 
filled with shell mix. The excess mix was scraped 
from the top of the specimen tube and the tube and 
specimen were placed in a 500 F oven for five min. 
The shell specimen was removed from the tube and 
after cooling was ground to the 2-in. length and 
placed in a desicator. 

The free expansion of the shell specimen was meas- 
ured at 2000 F with an expansion micrometer in a 
thermolab. 


RESULTS 


From the first, it should be realized that the shell- 
mold test pattern used for this work was designed to 
promote casting defects. The casting cavity was pur- 
posely placed entirely in the cope. The casting was 
over-risered for the 35,000 Ib tensile iron that was 
poured. It was known that many shell mold found- 
ries are producing perfect castings with shell mixes 
incorporating the same sands, resins and perhaps the 
same mixes tested in this report. 


Dry Shell Mixes 


All the shells made with dry mixes had the re- 
duced gate area on the pattern. The strengths of the 
dry shell mixes and the cold coated mixes are shown 
in Table 1. 

Dry mixes take at least 30 per cent more invest- 
ment time for a given shell thickness. This is shown 
in the graph in Fig. 6. 





Fig. 5—(A-D)—Sequence of method of preparing shell speci- 
mens for high temperature tests. 
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Fig. 6—Graph showing that dry 

mixes take at 30 per cent 

more investment time for a given 
MIX shell thickness. 
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The use of these dry mixes will then slow the shell 
machine cycle for investment and curing. This loss 
in production may be partially offset by reduced cast- 
ing scrap due to molds cracking. 


Measurements of Casting Diameters 


The bar chart (Fig. 7) is a plot of the casting 
diameter measurements and their frequency of oc- 
currence. It can be seen from the frequency distribu- 
































Dry Mix 6% Resin "G" 
Wedron Vassar Bank Penn Glass 
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7.91 \m } 
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~ ae bee Gune k aeeos 
Frequency 
Frequency 
Wedron Vassar Bank Penn Glass 
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24 0 24 
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tion that more than 20 or 25 castings should be 
checked to give good statistical data. The charts do 
show that linear dimensions can be held uniformly 
with various types of sand and resin mixes when 
shell expansion is restricted by the shell configuration. 


Measurements of Cope Swell 


A different trend is noted in the measurements of 
cope swell Fig. 8. Here the castings made in dry-mix 
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Fig. 7a—Measurements of casting diameter, dry mix. Fig. 7b—M ts of casting diameter, cold-coated mix. 
Cold Coated Mix 4% Resin "4" Dry Mix 6% Resin "G" 
Sand Wedron Vassar Bank Penn Glass Wedron Vassar Bank Penn Glass 

















Frequency 
Cold Coated Mix, 4% Resin “A” Dry Mix, 6% Resin “G” 
Wedron Vassar Bank Penn Glass Wedron Vassar Bank Penn-Glass 
No. of shells poured 20 20 23 25 0.25 0.25 
% Scrap due to cope 
segment lifting 0 20 13 20 0 16 





Fig. 8—Measurements of casting swell on cope side. 
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Fig. 9a—Graph showing free expansion of shell specimens 
at 2000 F, dry mix. 

shell molds had (with a lower average shell thick- 
ness) about 0.040 in. less swell than the casting 
made in the cold coated mix molds. The cope swell 
was caused by shell expansion due to metal pressure 
and heat. 


High Temperature Shell Expansion 


The curves in Fig. 9a and 9b show the expansion 
of shell specimens at 2000 F. The specimens made 
with the dry shell mixes had the least expansion. 
The shells with these mixes had the least cracking, 
for a given shell thickness, in the foundry tests. The 
shells using bank sand had less expansion in the lab- 
oratory tests and less cracking in the foundry tests 
than shells using silica sand. 


Casting Defects 


Test data of the dry resin mixes gives the complete 
listing of the shell and casting defects. Shell crack- 
ing, where the symbol (*) is used in Tables D to O of 
the Appendix to denote that the cope segment lifted, 
was due to rapid burnout and failure of the shell mold 
and usually occurred with only the thinner shells. 

Most of the pitting in these castings is thought to 
be due to resin segregation. No dust suppressant 
was used in any of the dry mixes, and resin segrega- 
tion was apparent from the mottled appearance of the 
cured shells. 

Shell thickness with the angular and bank sands 
was approaching the maximum obtainable with the 
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Fig. 9b—Graph showing free expansion of shell specimens 
at 2000 F, cold-coated mix. 


450 F pattern temperature, and the 6 per cent of 
resin “G”. The shells made at the 36-sec investment 
and 40-sec investment were of very uneven thickness. 


Cold Coated Shell Mixes 


The coating of sands with liquid or dry phenolic 
resins, both by the “hot” and “cold” processes, has 
been gaining in favor with shell foundries during 
the past three years. The cold-coated process was used 
in these tests because the equipment in the Process 
Development foundry was not designed for hot coat- 
ing. Moreover, shells made with these mixes had pro- 
duced good castings on semi-production runs. 


The principal advantages of the coated mixes over 
the dry mixes are: 1) Reduction of dust and resin seg- 
regation, 2) Higher strength shells with lower resin 
content, 3) Increased shell density, 4) Shorter invest- 
ment time for a given shell thickness, and 5) Uni- 
form shell thickness over all areas of the pattern. 


The cold-coated mix using the round grain Wedron 
sand had almost twice the tensile strength per Ib of 
resin as the dry mix (Table 1). Coatings of the resin 
had less effect on the tensile strengths of the bank 
and angular sand mixes due to their larger grain 
surface areas. 


Fig. 10—Test casting showing plate defect 
eliminated by reducing gate. 
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Plate Defect 


The shells of the Wedron and bank sand mixes 
were all made on the pattern with a gate area of 
1.125 in.*. Almost all the castings from these shells 
had the plate defect (Fig. 10). This is caused by 
metal rapidly filling the mold and forming a thin 
metal skin on the cope surface; then when the shell 
expands away from the metal, the ferrostatic pressure 
forces the molten metal through the thin skin. After 
the gate area on the pattern was reduced to 0.750 
in.” this defect was eliminated. 


Rattail Defect 


The rattail defect was most common with the cast- 
ings poured in shell made with Wedron or Penn 
Glass silica sands. It was more severe on the castings 
made in thinner shells (Fig. 11). 





Fig. 1l—Edge view of test casting showing rattail defect on 
radius which was reduced by use of bank sand. 


. APPENDIX 


Section 1—Test Data—Dry Mixes 


TABLE A — PROCEDURE FOR DRY MIXING 





Muller: No. 30 Speedmuller 


Cycle: Add sand and resin, mix 3 min. 

Discharge and screen through 1/16-in. mesh. 
Mix: Sand 94 Ib. 

Resin “G” 6 Ib. 
Sand: W — Wedron No. 8 


B — Vassar Bank 
P — Penn Glass LR 





TABLE B — SIEVE ANAYLSES 
Sand % Retained 











Sieve No. W B P 
6 
12 
20 
30 0.48 
40 1.02 
50 0.06 3.14 0.92 
70 0.64 8.28 10.22 
100 22.56 21.12 23.32 
140 52.70 32.76 29.70 
200 15.74 20.14 19.02 
270 5.90 9.28 11.20 
Pan » 2 3.96 5.52 
Clay iw 0.90 ve 
Fineness No. 109 112 117 


TABLE C — SHELL TENSILE STRENGTH — DRY MIX 
— 6 PER CENT RESIN “G” 


At General Electric Laboratories 








Strike Off* Wedron Bank P.G. “LR” 
Tensile Strength, psi 685 466 409 
Wt. 6 specimens — gms. 132.2 134 117.5 
Blown®* 

Tensile Strength, psi 504 425 386 
Wt. 6 specimens — gms. 141 139 124.7 
At Process Development Section Laboratory 

Strike Off* 

Tensile Strength, psi 496 491 472 


*8-N procedure — 400 F pattern, bake 3 min. in 590 & oven. 
**Blown at 30 psi, 450 F pattern, bake 2 min. ic 700 F oven. 





Test Results—Dry Mix 


TABLE D — 20 SEC INVESTMENT, 42 SEC CURE — 
450F PATTERN TEMP., 6 PER CENT RESIN “G” 








Shell 
Weight Shell Pour Shell 
Sand Ib oz Thickness, in. Temp, F Cracking 
W ae 11/32 2550 se 
W 12 11/32 2560 ° 
WwW ss. 5/16 2560 _— 
W ll 7 5/16 2510 ° 
W ll 5 5/16 2510 S 
B 10 13 5/16 2520 
B 10 13 5/16 2520 ° 
B 10 13 5/16 2530 ° 
B 10 9 5/16 2560 ° 
B 10 1 5/16 2530 ° 
P 1! 2 5/16 2560 ° 
P 10 14 5/16 2560 ded 
P 10 10 5/16 2550 ° 
P 10 9 5/16 2550 ° 
P 10 5/16 2540 af 


All shells cracked at sprue or scope segment lifted. No good castings. 
*Cope segments lifted. 
°°Sprue cracked 
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TABLE E — 24 SEC INVESTMENT, 42 SEC CURE — 450F PATTERN TEMP., 6 PER CENT RESIN “G” 








Shell 
Weight Shell Pour Shell Dia. Cope Drag 
Sand Ib oz  Thickness,in. Temp,F Cracking A-C,in. Swell,in. Swell, in. Casting Defects 

W 13 10 13/32 2560 - Run out. 

W a 13/32 2590 5 Run out. 

W 13 6 3/8 2550 if Run out. 

WwW 13 6 3/8 2575 vd Run out. 

WwW 3 63 3/8 2570 neg 7.968 0.020 0.085 Fair surface finish, 0.030-in. fin be- 
tween gates, slight rattail in cope, 
burn-in on radius. 

B i3 6 11/32 2540 7.936 0.093 0.106 Cope raised, fin at parting line, 
slight burn-in all over. 

B hi it 11/32 2500 7.928 0.031 0.152 Slight pitting on cope, fin on diam- 
eter, rattail on drag. 

B i? ae J 11/32 2540 nid 7.924 0.030 0.070 Good surface, slight misrun around 
top edge, slight fin at poting, 

B 11 1 11/32 2560 af 7.936 0.042 0.074 Fair surface, fin at parting, slight 
pitting on cope, rattail on radius. 

B 10 6 5/16 2510 ei 7.920 0.047 0.112 Good surface, fin on diameter at 
parting. 

P 10 12 11/32 2500 ° Run a 

P 10 14 11/32 2560 sa Run out. 

P 10 1) 11/32 2500 . Run out. 

P 10 9 11/32 2560 _” Run out. . 

P 10 4 11/32 2550 - Run out. 


*Cope segment lifted. 
*®®Sprue cracked. 





TABLE F — 28 SEC INVESTMENT, 44 SEC CURE, — 450F PATTERN TEMP., 6 PER CENT RESIN “GC” 
Shell 











Weight Shell Pour Shell Dia. Cope Drag 

Sand lb oz Thickness,in. Temp,F Cracking A-C,in. Swell,in. Swell, in. Casting Defects 

W 14 «5 13/32 2560 7.948 0.015 0.076 Pitting on cope, slight burn-in, rat- 
tail on radius. 

WwW 14 5 13/32 2530 7.975 0.007 0.024 Pitting on cope, slight burn-in, 
slight rattail on radius. 

W “4.3 13/32 2550 aie 7.950 0.007 0.073 Pitting on cope, slight burn-in on 
radius and drag, slight rattail on 
radius. 

WwW 13 14 25/64 2540 ts Run out. 

W i338 25/64 2560 Run out. 

B 13 8 3/8 2530 7.920 0.025 0.074 Rough and pitted on cope, rattail 
on radius. 

B ae 3/8 2520 7.917 0.018 0.070 Rough on cope, slight wash at gate 
in rag. 

B 3 5s 3/8 2540 7.926 0.061 0.125 ead on cope, slight pitting on 
cope, fin between gates. 

B 13 15 3/8 2530 7.932 0.095 0.091 Rough and pitted on cope, cope 
lifted, rattail on radius, fin at part- 
ing. 

B 3 11 3/8 2540 7.933 0.019 0.104 Rough and pitted on cope, rattail 
on radius, fin at parting along di- 
ameter. 

P 14 OF 7/16 2500 7.916 0.098 0.070 Slight pitting on cope, drag finish 
good. 

P 46 oS 3/8 2500 7.908 0.064 0.055 i pitting on cope, drag finish 
good. 

P M i 3/8 2520 7.926 0.076 0.066 Slight roughness on cope, slight 
porosity in drag, rattail on radius. 

P 3. 8 3/8 2560 7.954 0.069 0.067 Cope raised, good drag finish, fin 
at parting line between gates. 

P 13 il 3/8 2540 - Run out. 


tShell overweight oe to louvers leaking. 


*Cope segments lift 
®°Sprue cracked. 
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TABLE G — 32 SEC INVESTMENT, 44 SEC CURE, — 450F PATTERN TEMP., 6 PER CENT RESIN “GC” 

















Shell 
Weight Shell Pour Shell Dia. Cope Drag 
Sand Ib oz _ Thickness,in. Temp,F Cracking A-C,in. Swell,in. Swell, in. Casting Defects 

WwW 15 13 15/32 2545 7.912 0.060 0.064 Slight pitting on cope, fin at part- 
ing, rattail on drag. 

W 1 9 7/16 2540 *° s] 7.940 0.032 0.072 Cope pitted and not all filled out 
due to run out. Slight roughness on 
drag, slight fin at parting. 

W 2 7/16 2540 e_ 7.944 0.035 0.084 Pais on cope and drag, rattail on 
radius. 

W ie 7/16 2540 oe 7.955 0.030 0.085 Slight pitting on cope, rattail on 
radius, slight fin at parting. 

WwW 14 15 7/16 2535 e¢ 5) 7.950 0.017 0.073 Rough and pitted on cope, cope 
lifted, rattail on drag. 

B a 7/16 2600 halt 7.924 0.062 0.070 Slight roughness all over, slight fin 
at parting. 

B 4. 5 7/16 2600 **-2 7.923 0.057 0.072 Slight roughness on cope, fin at 
parting along dia. 

B 13 15 13/32 2560 7.924 0.036 0.059 Good finish, slight rattail on radius, 
slight fin at parting. 

B 13 14 13/32 2500 “2 7.921 0.045 0.060 Slight pitting on cope, cope rough 
due to run out, slight fin at parting. 

B 13 18 13/32 2500 7.920 0.030 0.047 Slight pitting and roughness on 
cope, drag surface good. 

P 13 6 13/32 2520 7.930 0.059 0.051 Slight pitting on cope, drag surface 
good, rattail all around radius. 

P 13 5 13/32 2500 7.924 0.0989 0.065 Slight pitting on cope, drag surface 
good, slight rattail all around ra- 

ius. 

P 13 9 13/32 2500 cee 7.945 0.033 0.053 Slight pitting on cope, heavy rat- 
tail on radius, slight rattail on drag. 

P ll 14 3/8 2500 id 7.946 0.030 0.092 Slight roughness on cope and drag, 
slight rattail on radius, fin between 
gates at parting. 

P ll 9 3/8 2540 7.907 0.076 Cope raised, drag surface good, fin 
between gates at parting. 

®°Sprue cracked. 
TABLE H — 36 SEC INVESTMENT, 44 SEC CURE, — 450F PATTERN TEMP., 6 PER CENT RESIN “GC” 
Shell 
Weight Shell Pour Shell Dia. Cope Drag 
Sand Ib oz  Thickness,in. Temp,F Cracking A-C,in. Swell,in. Swell, in. Casting Defects 

W 14 10 7/16 2500 “7 7.946 0.025 0.043 Pitting on cope, good drag surface, 
slight rattail on radius, fin at part- 
ing. 

W M4 6 63 7/16 2500 oy 7.950 0.028 0.048 One pit in cope, good drag surface, 
casting partially hollow due to run- 
out above one gate, rattail on ra- 
dius. 

W 14 7/16 2450 7.942 0.062 0.066 Pit on cope, excellent drag surface. 

W 13 14 13/32 2450 7.946 0.075 0.098 Pitting on cope, good drag surface, 
rattail on radius. 

W 13 14 13/32 2450 7.943 0.046 0.098 Pit on cope, good drag surface, 
slight rattail on radius. 

B 3s 3 7/16 2520 oe 7.921 0.044 0.037 Excellent surface on cope and drag. 

B 14 14 7/16 2540 7.917 0.054 0.047 Slight pitting on cope, good drag 
el, slight rattail on radius, fin 
at parting (0.010-in.). 

B 14 10 13/32 2520 oe 7.919 0.053 0.051 One pit in cope, excellent drag sur- 
face, fin between gates at parting. 

B 14 3 13/32 2540 ied 7.924 0.025 0.067 Slight pitting on cope, good drag 
pon ok slight stall an radius, fin 
around parting (0.020-in.). 

B 13 10 13/32 2490 7.916 0.035 0.042 Very slight pitting on cope, dirt in 
drag, slight rattail on radius. 

P 14 4 7/16 2520 7.932 0.099 0.061 Slight pitting on cope, excellent 
drag surface, fin on radius. 

P 13 12 7/16 2480 tad 7.935 0.057 0.060 Slight pitting on cope, fair drag 
jon ke slight roughness on radius. 

g 13 13 7/16 2520 7.911 0.106 0.057 One slight pit on cope, excellent 
drag surface, slight rattail on ra- 
dius, fin at parting along dia. 

P 12 13 7/16 2480 = 7.935 0.064 0.062 Slight roughness on cope, good 
drag surface. 

P i 13/32 2510 7.932 0.078 0.065 Excellent surface cope and drag, 


*®Sprue cracked. 


fin on radius where shell crack 
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Shell Mold High Temperature Properties 








TABLE I — 40 SEC INVESTMENT, 44 SEC CURE, — 450F PATTERN TEMP., 6 PER CENT RESIN “G” 
Shell 
Weight Shell Pour Shell Dia. Cope Drag 

Sand oz Thickness,in. Temp,F Cracking A-C,in. Swell,in. Swell, in. Casting Defects j 

WwW 15 12 15/32 2450 7.932 0.053 0.055 Pitting in cope, drag surface good. 

W 15 10 15/32 2450 7.925 0.050 0.055 Pitting in cope, drag surface good, 
slight rattail on radius. 

WwW 15 6 15/32 2450 7.935 0.059 0.058 Pit in cope 1 in. square, slight rat- 
tail on radius, fair drag surface. 

Ww 15 5 15/32 2450 7.936 0.070 0.055 Pitting in cope, good drag surface, 
runout above one gate. 

WwW 15 15/32 2450 7.935 0.057 0.048 i pitting in cope, good drag 
surface. 

B 13 15 7/16 2520 i 7.936 0.065 0.037 baer 2 slight pit in cope, good drag 
surface. 

B 13 10 13/32 2525 ots 7.935 0.056 0.048 Excellent surface cope and drag. 

B 13 9 13/32 2530 ra 7.937 0.034 0.100 Good surface all over, fin in part- 
ing due to poor glue joint. 

B 13 9 13/32 2530 ™ 7.935 0.062 0.045 Slight sticker on cope, excellent 
drag surface. 

B 13 8 13/32 2530 = 7.937 0.040 0.059 Pitting in cope, slight pit in drag, 
slight rattail on radius. 

P 13 1 13/32 2490 7.920 0.105 0.096 Very slight pit in cope, excellent 
drag surface, slight rattail on ra- 
dius, fin at parting between gates. 

P 13 13/32 2490 a 7.952 0.043 0.034 Slight pit in cope, slight roughness 
on drag, rattail on radius. 

P 12 14 13/32 2500 oo 7.940 0.088 0.081 Pit in cope, cope lifted around ra- 
dius, good drag surface. 

P 3 12 13/32 2500 “i 7.946 0.028 0.080 Pitting in cope and drag, slight rat- 
tail on radius, slight fin at parting. 

P 12 10 13/32 2500 7.944 0.107 0.087 Pitting on cope (1/3 of area). 

°°Sprue_ cracked. 





Section 2—Test Data—Cold Coated Mixes 


TABLE J — MIXING PROCEDURE FOR COLD COATING 








Ingredient Amount 
Sand 96 Ib. 
Resin “A” 4 |b. 
Alcohol 500 ce. 
Water 133 ce. 


Cycle in No. 30 A speedinuller. 
Add sand and resin — mix 15 sec. 
Add alcohol and water — mix 5 min. 
Dump on floor and allow to cool. Screen through 1/8-in. mesh. 





Test Results—Cold Coated Mix 


TABLE K — 16 SEC INVESTMENT, 35 SEC CURE, 450 F PATTERN TEMP., 4 PER CENT RESIN “A” 








Shell 
Weight Shell Pour Shell Dia. Cope Drag 

Sand Ib oz  Thickness,in. Temp,F Cracking A-C,in. Swell,in. Swell, in. Casting Defects 

B 13 1 22/64 2535 7.928 0.084 0.030 2/3 cope has plate defect. 

B 13 10 22/64 2550 . 7.929 0.023 Rough plate on cope. 

B 13 5 23/64 2545 . 7.926 0.013 Cope segment lifted. 

B 13 12 24/64 2550 7.932 0.087 0.055 3/4 cope has plate defect, slight fin 
on drag, slight rattail on drag. 

B 13 8 25/64 2550 : 7.953 0.020 Slight rattail on drag. 

WwW 14 15 25/64 2535 7.931 0.063 0.038 1/2 cope has plate defect. 

Ww 15 1 24/64 2550 7.931 0.094 0.101 Slight plate on cope. 

WwW 15 26/64 2545 7.920 0.085 0.039 1/2 cope has plate defect. 

WwW 14 14 25/64 2550 7.930 0.068 0.028 1/3 cope has plate defect. 

Ww 15 25/64 2550 7.929 0.070 0.025 1/2 cope has plate defect. 

P 10 15 21/64 2520 . Run out. 

P 10 14 21/64 2530 x Run out. 

P 10 12 21/64 2520 “° Run out. 

P 10 4 5/16 2530 ° 7.925 0.126 0.262 Slight pitting in cope, burn-in on cope, 
drag swell, rattail on radius. 

P 10 2 5/16 2525 ” Run out. 


® Cope segment lifted. 


© © Sprue 
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TABLE L—20 SEC INVESTMENT, 35 SEC CURE, 450 F TEMP., 4 PER CENT RESIN “A” 
Shell 
Weight Shell Pour Shell Dia. Cope Drag 
Sand Ib oz Thickness,in. Temp,F Cracking A-C,in. Swell,in. Swell, in. Casting Defects 
B 14 6 26/64 7.920 0.081 0.035 
RP 14 25/64 2550 7 7.920 0.029 mg segment lifted, slight rattail on 
rag. 
B 14 7 26/64 2570 7.917 0.072 0.015 Slight ny, gy on cope, slight fin 
at parting line. 
B 13 14 24/64 2585 7.919 0.086 0.052 Very slight plate on cope, slight fin 
at parting line. 
B 14 24/64 2555 7.903 0.072 0.006 Very slight plate on cope. 
W 15 7 25/64 7.893 0.092 0.038 
W 15 15 25/64 2550 7.894 0.127 0.036 Very slight plate on cope. 
W i5 ll 26/64 2570 7.896 0.137 0.053 Slight plate on cope. 
W 15 10 26/64 2585 7.928 0.110 0.022 Slight plate on cope, rattail on cope. 
Ww 15 13 25/64 2555 7.935 0.094 0.030 1/2 cope shows plate. 
P 12 6 3/8 2530 7.928 0.129 0.131 — pitting on cope, slight rattail in 
radius, fin between gates. 
P ll 14 3/8 2540 as Run out. 
P ll 12 11/32 2500 7.907 0.112 0.070 Slight burn-in on cope. Slight pitting 
in cope, rattail on radius. 
P | ae > 11/32 2525 7.928 0.112 0.076 Slight pitting in cope, rattail on radius. 
P i ae 11/32 2500 7.933 0.132 0.121 — pitting in cope, heavy rattail on 
radius, fin between gates. 


* Cope segment lifted. 
® © Sprue cracked. 





TABLE M — 24 SEC INVESTMENT, 40 SEC CURE, 450 F PATTERN TEMP., 4 PER CENT RESIN “A” 








Shell 
Weight Shell Pour Shell Dia. Cope Drag 

Sand Ib oz Thickness,in. Temp,F Cracking A-C,in. Swell,in. Swell, in. Casting Defects 

B 15 14 29/64 2550 7.927 0.067 0.048 

B 15 13 28/64 2540 7.922 0.068 0.041 Slight plate on cope, slight fin at 
parting between gates. 

B 15 9 27/64 2550 7.921 0.073 0.017 Slight roughness on drag, slight fin 
at parting and gates. 

B 15 14 29/64 2615 7.921 0.066 0.031 Slight roughness on cope and drag, 
slight fin at parting line between gates. 

B 15 11 28/64 2550 7.925 0.077 0.053 “— ‘roughness on cope and drag, 
slight fin. 

W 7 4 29/64 2550 7.936 0.069 0.040 2/3 cope has plate, fin at parting. 

W ys 29/64 2540 7.888 0.113 0.035 Slight plate on cope, fin at parting. 

Ww 17 4 28/64 2550 7.884 0.110 0.050 Slight fin at parting between gates. 

W 16 15 28/64 2615 7.944 0.078 0.062 Slight roughness on cope and drag, 
fin at parting between gates. 

W 7.2 29/64 2555 7.946 0.075 0.053 1/3 cope has plate, fin between gates. 

P 13 5 13/32 2500 7.928 0.105 0.099 Gas holes in cope, slight pitting, rat- 
tail on radius. 

P 13 3 13/32 2500 "7 7.942 0.125 0.083 Slight rattail on cope and radius, fin 
between gates. 

P 13 3 13/32 2500 seid Run out. 

P 13 2 13/32 2500 oF Run out. 

P 12 12 13/32 2500 _ Run out. 


*® © Sprue cracked. 
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TABLE N — 28 SEC INVESTMENT, 40 SEC CURE, 450 PATTERN TEMP., 4 PER CENT RESIN “A” 
Shell 
_Weight Shell Pour Shell Dia. Cope Drag 
Sand “Tb oz Thickness,in. Temp,F Cracking A-C,in. Swell,in. Swell, in. Casting Defects 
B 16 5 28/64 2645 7.922 0.063 0.021 Slight pitting on cope. } 
B | ee 29/64 2550 7.930 0.059 0.026 
B 16 7 29/64 2530 7.934 0.064 0.022 
B 16 8 29/64 2540 7.945 0.063 0.010 Fin on cope and drag. 
B 16 13 29/64 2530 7.943 0.061 0.020 Slight pitting on cope 
WwW ce 30/64 2645 7.922 0.056 0.046 i“ cope has on slight plate on 
rag. 
W 17 3 32/64 2550 7.928 0.066 0.028 
Ww 17 8 32/64 2530 7.900 0.068 0.036 
W i 30/64 2540 7.931 0.062 0.027 Slight plate on cope. 
WwW 16 14 30/64 2530 7.905 0.065 0.031 — , patios on cope 
P 14 6 7/16 2500 7.914 0.115 0.085 ight rattail on > fallen. 
P 14 5 7/16 2500 7.927 0.081 0.055 Siig t rattail on radius. 
P 14 4 7/16 2510 7.929 0.116 0.098 Rattail on radius, fin between gates. 
P 14 2 7/16 2500 7.928 0.119 0.090 Slight rattail on radius, slight fin be- 
tween gates. 
P 14 2 7/16 2500 7.917 0.110 0.077 Slight rattail on radius, slight fin be- 
tween gates. 
TABLE O—32 SEC INVESTMENT, 40 SEC CURE, 450 F PATTERN TEMP., 4 PER CENT RESIN “A” 
Shell 
Weight Shell Pour Shell Dia. Cope Drag 
Sand oz .Thickness,in. Temp,F Cracking A-C,in. Swell,in. Swell, in. Casting Defects 
14 15 29/64 2530 7.951 0.106 0.096 Rattail on cope, drag, and radius, fin 
between gates. 
14 ll 29/64 2525 7 7.942 0.098 0.079 Heavy rattail on radius, fin between 
gates. 
14 10 29/64 2520 7.931 0.110 0.095 Heavy rattail on radius, fin between 


® © Sprue cracked. 


gates. 














CONSTRUCTION OF SHELL MOLD PATTERNS 
AND CORE BOXES 


By 


Wayne A. Wright* 


In the past 10 years there have been many changes 
in the equipment and methods used to produce shell- 
molded castings and concurrent with these changes 
the thinking in terms of pattern equipment and core 
boxes has also been altered. Originally, it was thought 
that aluminum match plates would be adequate and 
result in low cost conversions from conventional mold- 
ing methods. 

While this is still being done to some extent the 
majority of the foundries have found that in order 
to maximize the quality of the shell casting and the 
life of the equipment, better material must be used 
and machined to closer tolerances. Selection of the 
material which best fits an individual job entails the 
use of many factors including: 1) initial cost, 2) 
number of pieces to be run, 3) accuracy required 
in the casting, 4) type of molding or core making 
machine to be used, and 5) design of the part itself. 

The materials which we will consider here are all 
presently being used and are aluminum, bronze, iron, 
and steel. There are several. modifications of each 
which to some extent changes their physical proper- 
ties, but for the purpose of comparison the four basic 
materials are charted in Table 1. 

On the basis of this chart if we had a casting 
which was to be high production, and had relatively 
thin high projections, to be run on a machine where 
the pattern temperature varied, and had to be held 
to very close tolerances, we would choose cast iron 
for the following reasons. Low maintainence cost and 
greater production life would be more important than 
initial cost. Coefficient of expansion being less results 
in greater accuracy despite the variance in pattern 
temperature and greater heat capacity produces a 
more uniform shell on high thin sections of the pattern. 
In evaluating the type of material to be used for 
a shell core box, the additional factor of weight 
must be considered where the box is to be hand 
operated. 

Foundries which have been producing shell castings 
for any length of time have undoubtedly set stand- 
ards for pattern and core box material already based 





*Woodruff & Edwards, Inc., Elgin, Il. 
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on their experience or personal preference and as a 
result, a chart such as in Table 1 is more useful to 
those just starting to produce shell castings or those 
who contemplate getting into this field. 

Design and construction of shell equipment once 
the material has been selected is at present almost 
impossible to standardize since in addition to the 
molding and core making machines on the market 
many foundries have equipment of their own de- 
sign, each somewhat different and requiring special 
tooling. Despite this there are several primary steps 
to consider which should be helpful to designers. 
They are as follows: 

Stabilize the material used to prevent growth and 
distortion. 

Use like materials with the same coefficient of ex- 
pansion in a given pattern or core box. 

In using separate cope and drag patterns keep them 
as uniform in mass as possible so that they will ex- 
pand a like amount at operating temperatures. 

When high thin projections are required insert the 
cavities so that they extend all the way through the 
base plates giving uninterrupted continuity for con- 
duction of heat from its source to these projections. 
The efficiency of this type of pattern will also be 
increased by the use of a material with high heat 
capacity. 

Wherever possible, radius the external corners of 
the pattern cavities, gates, and runners to get a more 
uniform build-up of shell material in these areas ( Fig. 
1). In addition to improving the overall strength of 
the shell this will aid in reducing cracking caused 
by thermal shock. 

TABLE 1 — emermcnees * =. FOUR BASIC MATERIALS 








Coefficient 
Mainte- Life Thermal of Spe- 
Initial mance Expect- Conduc- Expan- cific 
Cost Cost ancy tivity sion Heat 
Aluminum 1 8 8 1 4 4 
Brass or 
Bronze 2 2 2 3 8 1 
Iron 4 1 1 4 1 8 
Steel 8 1 1 2 2 2 
*Lowest ber denotes most d bl 
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Fig. 1—left—Shell material does not build up on sharp corners. 
Right—Shell material builds up uniformly on radius. 


Cavities which must be inserted should be put in 
from the back or non-working face of the base plate 
to help keep them from loosening due to the constant 
force of ejection (Fig. 2). This again will also aid 
in the conduction of heat. 

Standardize component parts such as ejectors, base 
plates, sprues, locators, etc. This will permit inter- 
changeability, lower the cost by reason of purchasing 
greater quantities of a given item, and simplify cost 
estimating for quotation purposes. In addition, avail- 
ability of repair parts will minimize downtime due 
to damage or wear. 

All parts of patterns and core boxes which are 
threaded should be coated with a protective material 
to prevent them from seizing. 

As it is relatively difficult to estimate shrinkage 
in thousandths of in., multiple cavity, close tolerance 
patterns, and core boxes should be made in stages. 
Finish one cavity first, make the necessary changes 
after casting and then complete the balance of the 
cavities. Even on single cavity patterns it is always 
better to leave additional stock on critical areas until 
samples are made to establish an accurate shrink 
rule. These methods will both add to the overall 
pattern cost but will save many trips to the customer 
asking for dimensional changes or if that fails, it 
will save expensive trips to the patternmaker to 
have the patterns rebuilt. 

The use of inserts is also more costly in some in- 
stances but is less expensive in case of damage or 
pattern shop error than if the entire pattern were 
machined as one integral unit. 

Where shell cores are to be used in conjunction 
with shell molds it is helpful to design so that the 
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Fig. 2—Cavities which must be inserted should be put in from 
the back or non-working face of the base plate to help keep 
them from loosening due to the constant force of ejections. 
core prints locate on the O.D. of the core. An example 
of this is in the setting of a ring core over a male 
print. Additional clearance must be used in setting 
a core at room temperature onto a mold at 500 de- 
grees. 

To obtain maximum tool life, at least 1/2-degree 
draft should be used on vertical surfaces. Shells can 
be ejected without the aid of draft, but the constant 
rubbing action of mold against pattern will result in 
excessive wear. 

SUMMARY 

The fabrication of parts by the shell-mold process 
is now an accepted and welcome addition to the 
many methods employed by the foundry industry to 
produce castings. In fact, it has been a useful tool in 
returning to the industry business previously lost to 
competitive methods of manufacture. It is the au- 
thor’s opinion that shell molding has by no means 
reached its ultimate growth, and that it will contin- 
ue to consume a substantial portion of the total ton- 
nage of the industry. 

This being the case, it would seem that the indus- 
try as a whole should begin to think in terms of a 
general standardization of shell machines, patterns, 
core boxes, and auxiliary equipment similar to that 
found in regular molding processes. For instance, a 
shell customer today is at a terrific disadvantage 
in attempting to move his equipment from one 
foundry to another without paying a premium for 
converting to a different type of machine and while 
this is a temporary asset to the foundry which has 
the equipment it is most certainly a deterrent factor 
in a customer’s future decisions on the designing or 
buying of shell-molded castings. 
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MELTING PRACTICE FOR ALUMINUM CASTING ALLOYS 


By 


William N. Brammer* 


ABSTRACT 


This is a practical discussion of today’s successfully 
used melting technique as applied toward the produc- 
tion of the highest-quality aluminum-alloy castings. 

The writer covers furnace equipment for melting and 
holding, metal cleanliness, and temperature control. Com- 
mon abuses of the melt, their effect and correction 
are detailed; among these are sludging and fluxing. 

Aids to improved casting quality, such as grain re- 
fining and sodium modification, are discussed as foundry 
tools. 

This paper reveals nothing new in research or scien- 
tific discovery, but is meant to be a guide to the user 
of aluminum alloys for any casting technique. It will 
be found to reconfirm the experienced melter’s knowl- 
edge, supplement the theoretical reading available, and 
may be helpful as a training guide for all foundry 
personnel. 


The technique of metal melting and handling is 
vitally important to any foundry operation, and con- 
stant control and vigilance are necessary in the prep- 
aration of aluminum for casting. This will maximize 
casting quality while minimizing end product costs. 

Aluminum alloys have three inherent characteristics 
which should be recognized, and if simple precau- 
tions against these are taken, the basic pre-requisite 
for good quality uniform castings has been fulfilled. 
These characteristics are the tendency of molten alu- 
minum to absorb hydrogen, the ability of aluminum 
to readily oxidize, and the ease with which aluminum 
dissolves iron.’* It is the purpose of this paper to 
discuss these scientific facts as they are reflected in 
everyday melting in the casting plant. 


FURNACE MELTING EQUIPMENT 


In preparing the melt for casting any one or com- 
bination of three different furnace-melting systems 
may be used, and each has some advantages which 
are unique.’” 

One system utilizes the reverberatory furnace where- 
in melting and metal ladling are performed from 
the same furnace unit. This can be oil or gas fired, 
and ingot metal, and/or recycled foundry metal, are 
charged in one end and ladling wells are provided 
on another wall of the furnace. The fuel is burned 
in a firing chamber directly over the metal, and 
the products of combustion come in direct contact 
with the molten aluminum. 


*Eastern Sales Manager, Apex Smelting Company. 
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This is sometimes modified by the installation of a 
complete baffle floor so that the firing chamber is self- 
enclosed and all heat input is thus radiated to the 
molten aluminum bath by conductive fire brick. The 
sacrifice of furnace efficiency with this baffle reverb is 
not generally agreed to be offset by appreciably 
better quality metal. The reverberatory furnaces are 
generally placed in a line through the production 
area with pouring stations located at the front ladling 
well or wells. Ample service space, at the rear of 
the furnace, should be provided for servicing with 
metal and for fluxing. 

Due to the varying requirements of the different 
areas within a furnace, that of melting in the rear 
and holding for pouring in the front, generally pour- 
ing temperatures can be held to + 20 F. These fur- 
naces are usually of about 1,000-4,000 Ib capacity and 
will use two to six burners depending on individual 
design. The rear of the furnace is opened for clean- 
ing and fluxing, and is sometimes fitted with a dutch- 
oven arrangement for pre-heating the charge. This 
pre-heating will increase the efficiency of the furnace 
in lb of metal melted per hr as much as 10-15 per cent. 

When a large volume of metal is required per hr 
at the pouring station, the reverberatory furnace will 
be very satisfactory if properly handled and main- 
tained. The refractory lining minimizes iron pickup. 


Stationary or Tilting-type Furnace 

A stationary or tilting-type furnace using a silicon- 
carbide crucible can also be used for melting or 
pouring. These are placed in a melting area proper- 
ly hooded to permit the escape of exhaust and 
fluxing gases. Automatic temperature control is not 
necessary but desirable on breakdown melting fur- 
naces. Furnaces should at least, be equipped with 
a positive reading temperature pyrometer. This fur- 
nace is generally placed in an individual floor pit or 
surrounded with a charging platform to permit work- 
ing of the melt. The pouring spout, when tilted, 
should direct the stream into a transferring ladle 
from a medium height. 

An ideal manufacturing layout will utilize a double- 
furnace system wherein the aluminum is melted and 
brought to the pouring temperature in one furnace, 
cleaned and treated if necessary, and then transferred 
to a holding furnace at the pouring station. The 
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author’s company believes this is to be the best setup 
for both permanent mold and die casting. 


Electric Induction Furnace 

The third system of melting uses the electric 
induction furnace. These are equally adaptable to 
breakdown melting or holding. The original capital 
investment, however, is sizable. They can be fitted 
with a receiving tundish, permanently mounted on 
the shell of the furnace, which will receive the 
stream from the bull ladle and direct it tangentially 
down the furnace wall. This minimizes oxide forma- 
tion in the bath. Plant layout considerations are simi- 
lar to those for the crucible-type furnace. 

The electric induction furnace has been used suc- 
cessfully both as a melter and holding unit and is 
generally capable of melting 5-7 lb per hr, per kw 
rating of the furnace. In the opinion of the author's 
company, it offers two distinct advantages for use 
with aluminum. First, because of the absence of prod- 
ucts of combustion the aluminum can be melted and 
held with a minimum absorption of hydrogen. Second, 
due to the intermittent flowing action of the metal 
in the bath, alloy segregation is practically nil. The 
investment is greater than for other furnace types, 
but with proper maintenance, they are practical and 
make for a much cooler work area due to the mini- 
mum of radiated heat. They are very accurate on 
temperature control, and tolerances of + 5 F are 
common. Depending upon the power cost in an area, 
they can reflect economical operation. It is customary 
to start these furnaces by flame preheating and then, 
an initial charge of molten metal. 

The electric furnace, by its basic design, does re- 
quire constant cleaning of channels. The power should 
always be turned off when fluxing the electric furnace 
with a solid-type flux. The same agitation which 
minimizes alloy segregation will also, under some 
conditions, cause entrapped oxides within the casting. 

With crucible or induction melting and holding 
there is less chance of gas absorption and oxidation, 
because the molten metal is never in direct contact 
with the products of combustion. 


HOLDING FURNACE EQUIPMENT 


Aluminum holding furnaces varying in design fea- 
tures and holding 400 to 600 lb are the most common. 
It is mandatory that they be equipped with automat- 
ic temperature controls. This will provide metal tem- 
perature control of + 10 F which is practical for 
sand, permanent molding, and die casting. These 
furnaces are generally placed in a position convenient 
to the pouring station and need not be hooded as 
only a minimum of fluxing is done at this point. 

The burner mounting in this crucible furnace should 
direct the flame into the retort toward the upper 
half of the crucible and tangential to the crucible 
wal!. Flame impingement on the crucible not only 
reduces furnace efficiency, shortens crucible life, but 
also has a tendency to gas the melt. The inner floor 
should be tapered toward an easily accessible clean- 
out or drain door. This will facilitate removal of 
metal should a pot fracture during operation, and 
expedite the installation of a new crucible with a 
minimum of lost production time. 


Melting Aluminum Alloys 


Iron pots have long been used to melt aluminum 
and provide ideal heat transfer and long life for a 
moderate cost. However, due to the tendency of 
molten aluminum to dissolve iron from an iron pot 
the silicon-carbide-type crucible has gained much 
popularity. Either type of pot should be regularly 
scraped clean with a pine board and spray coated 
with a whiting or china-clay wash. A thoroughly dried 
coating is necessary to eliminate possible gas pickup 
in the melt. Using proper maintenance and handling 
care, a silicon-carbide crucible will give long life with 
the desirable conditions for clean gas-free metal.? 

Regardless of the type of melting furnace used, 
metal may be conveyed by bull ladle from the melt- 
ing area to the casting station as required. The metal 
may be added to the holding-furnace bath with a 
minimum of agitation and disturbance by the use of 
a pouring basin which can be mounted permanently 
on the holding furnace shell cover. The pouring basin 
should be designed to receive the meta] from the 
transfer ladle, allow it to flow at a reduced speed 
through an orifice constructed to direct the flow of 
the metal tangentially to the furnace or crucible wall. 
The reduced size of the stream with positive direc- 
tion will reduce the agitation of the bath, thereby 
holding to a minimum the amount of oxidation and 
gas absorption. 


METAL CLEANLINESS 


The first requirement for quality castings is to 
use the best grade of smelter ingot. Cleanliness is 
then very essential in handling and melting alumi- 
num. Particular attention must be given to positive 
temperature control and to the avoidance of contam- 
ination, if quality castings are to be produced. 

All tools such as skimmers, ladles, flux chargers and 
the like, used in the bath, as well as crucible or pot 
inner surfaces should be coated with a protective 
wash. It is easy to keep a large container of white- 
wash or similar slurry handy, and after pre-heating 
tools to dip coat them with the material. Occasionally, 
all tools should be shot or sand blasted and a new 
coating applied. 

Iron or silicon carbide pots should be entirely 
cleaned out once each day during a three-shift oper- 
ation, or at the termination of pouring on the one- 
or two-shift plan. It is good to scrape the walls down 
with a pine board and remove all oxides and scum 
from the walls of the crucible and then apply a new, 
medium heavy coating of protective wash. By using 
the board as a scraper, the resultant charring will 
not fracture the glazed surface of a silicon-carbide 
crucible. A simple machine cleaning gun will be 
adequate for this spraying operation as it delivers 
a large volume of material with a concentrated spray 
pattern and is inexpensive. All tools and crucibles 
should be dried thoroughly before use. 

Ingot metal should be stored inside so as to be 
protected from the weather. This minimizes the 
formation of hydrated oxide coating which does not 
decompose until temperatures approaching the melt- 
ing point are reached. This hydrated oxide will result 
in gassy metal if not removed. If outside storage is 
unavoidable, the ingot should be wire brushed, or 
oxide residue removed in some other convenient man- 
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ner, and then preheated to drive off most of the 
occluded moisture. Preheating temperatures of 800 F 
to 850 F for 15 to 30 min will be sufficient in all 
but the most severe cases. In making up the charge 
for the melting furnace it is desirable to use a mix- 
ture of ingot and foundry scrap keeping a ratio of 
60 ver cent ingot to 40 per cent scrap. This reference 
to “scrap” means rejected castings, gates, risers, trim, 
flash, etc. The initial charge in the furnace should 
be of small gates, risers, flash, etc., so as to most 
completely fill the heel of the pot with molten metal 
quickly, then ingot material may be added. 


SLUDGING 


Sludging is one of the common ills of the casting 
operation, particularly where pouring temperatures 
lower than 1300 F are used.* Sludging results when 
the heavier elements in the alloy (Fe, Mn, and Cr 
combined with Si and Al) are never brought to a 
temperature hot enough to effect solution. In all cases, 
regardless of the alloy used, the melt should be 
brought up to at least 1300 F and stirred in the break- 
down melting operation even though a lower pouring 
temperature is being used. This will help assure that 
all the alloying constituents are in solution and re- 
duce the possibility of segregation. 

The aluminum-silicon-iron-manganese compounds 
are the most serious offenders, and at 1200 F they 
are actually only partially in solution. Consequently, 
they segregate to the bottom of the crucible in the 
form of a heavy sludge which also changes the origi- 
nal composition of the alloy. Improved technique in 
the melting room would involve raising the melt to 
1300 F, fluxing properly, milding stirring the bath, 
and skimming off the dross and oxide. It is not meant 
to imply that a pouring temperature of less than 
1275 F is undesirable. Quite to the contrary, lower 
temperatures are often very desirable, but it is a good 
practice to bring all metal up to at least the higher 
temperature, effect solution of all alloying consitu- 
ents, and then drop back to the lower pouring tem- 
perature. 

Thus, segregation may be held to a minimum. Solid 
ingot or scrap should never be charged into the hold- 
ing furnace, as the chilling action induced promotes 
the segregation of the heavy high-melting constituents. 
The often repeated metaphor of “sugar in coffee” 
need not be repeated but is applicable* (Fig. 1). 


TEMPERATURE CONTROL 
Constant vigilance is needed in the melting area 
to avoid over heating ef the melt, and while it is 
costly from the standpoint of wasted fuel energy it 
also has a very pronounced effect on the alloy. Both 
oxidation and gas absorption are promoted by high 
temperatures. Temperature recording and indicating 
equipment may be panel mounted adjacent to the 
furnace, and should be equipped with a visible or 
audible signal to indicate when the metal is on the 

high side of the pouring range (Fig. 2). 
Thermocouples are usually suspended in the bath, 
and are of the chromel-alumel type with a refractory 
or cast-iron sheath or tube protector. These should 
be periodically wire brushed clean and coated with 
a protective wash to insure accurate results and maxi- 





Fig. 1—Heavy element sludge. 


mum life. Overheating or holding at elevated tem- 
peratures for extended periods of time will tend to 
have three pronounced detrimental effects.® 

First, the higher the temperature the more prone 
the aluminum is to gas absorption which is extremely 
troublesome on machined, polished or pressure tight 
castings. Unsoundness of any kind results in lowering 
of the mechanical and physical properties of the 
alloy, particularly the elongation. 

Second, elevated temperatures will result in a coars- 
ened grain structure, and can modify any previous 
refinement or modification of the alloy.* This in turn 
will decrease the machinability, pressure tightness, 
and foundry castability. 

Third, the aluminum will tend to oxidize more 
rapidly at the higher temperatures, and in some cases, 
loss of portions of some of the alloying elements 
can occur. This may result again in lower properties 
of the alloy, and will increase the melt loss of the 
foundry. 

If it is found necessary in permanent molding, due 
to mold design, to pour at temperatures in excess 
of 1350 F, the melt should be held a minimum pos- 
sible length of time at the pouring temperature. 


INVENTORY CONTROL 


In some jobbing foundries where many different 
alloys are used to satisfy individual customer require- 
ments, use of a color code system for alloy identifi- 
cation is highly recommended. Most smelters will 





Fig. 2—Central, panel-mounted, temperature-control 
units. 
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stripe each ingot end with water paint to the Alumi- 
num Association Code for easy foundry distinction. 
This color code should be displayed and known 
throughout the plant. Large color plates should be 
placed on each furnace to mark the alloy being used 
therein. The various containers at the cutoff opera- 
tion should be color coded for positive alloy separa- 
tion. In short, a color code is simple, positive, easy 
to use, and very effective. 


FLUXING ALUMINUM ALLOYS 


Fluxing is a foundry tool that should be used when 
necessary and is that plus factor of assurance toward 
the highest quality castings. Theoretically, it is un- 
necessary, but years of casting experience have dem- 
onstrated that it is the best means of obtaining 
clean metal by preventing excessive oxide formation, 
removing inclusions and foreign matter, and liberat- 
ing dissolved hydrogen from the aluminum melt. 

Proper fluxes are the secret to cost and quality 
control in the aluminum foundry. The melting of all 
metals requires thoughtful operation and control. 
In the foundry operation there are various sources of 
contaminants that can be harmful to the finished 
casting. 

What are these items and what are their sources? 

Metal Oxides. Aluminum oxides have a specific grav- 
ity close to that of the aluminum alloys, and thus 
they have a tendency to remain suspended in the 





Fig. 4—Die-casting section showing oxide inclusion. 


Melting Aluminum Alloys 


molten bath. The normal source of these oxides is 
from remelted gates, risers, rejects, and excessive ai- 
tation of the melt. Removal of these oxides can be 
made by the proper use of degassing or cleaning flux 
( Figs. 3 and 4). 

Gas Porosity. This is generally evidenced by a dis- 
persion of fine pinhole cavities throughout the casting 
and considerably more evident around heavy scc- 
tions. The gas, hydrogen, can be picked up from 
over-heated melts, undried crucibles, foundry re- 
turns, condensed moisture on the charge, steam from 
products of combustion of the fuel, and even humid 
atmospheres. Economical degassing of the melt can 
be made with degassing flux (Fig. 5). 

Foreign Material. Foundry sand, dirt and oil on 
occasion are associated with foundry returns, and 
are often charged back into the furnace for remelting 
even when otherwise good practice is observed. Clean 
metal may be assured by proper fluxing. 

Fluxes are of two general classes, solid or gaseous. 
The solid-type fluxes are of two different types de- 
pending upon the manner in which they react in 
the bath. 

Let us look first at the solid fluxes. 

Cleaning flux—for special cleansing and mild de- 
gassing. This flux is used primarily to produce a clean 
molten metal bath that is free of oxides and foreign 
material that may be suspended in the melt. 

Approximately, 4 oz. of flux per 100 lb of metal is 
used. For maximum benefit, after the melt reaches 
about 1250 F, the flux is added to the surface and 
thoroughly stirred in. The appearance of small yellow 
flames shows the progress of the reaction, and when 
the dross becomes of dry powdery consistency, the 
reaction is complete. In a matter of a few min, the 
accumulated dross may be removed from the melt 
with a perforated skimmer. 

Degassing Flux—is noted for its strong degassing 
action and may be used with any aluminum alloy. 
It is the practical method for controlling hydrogen 
in aluminum. Approximately 4 oz. of flux per 100 Ib 
of metal is recommended. It may be wrapped in 
aluminum foil and placed in an inverted perforated 
cup and plunged to the bottom of the melt. For best 
results it should be added when the melt has reached 
1200 F. The chemical and mechanical action of the 
evolved gas will pick up the dissolved hydrogen gas 
and help clean the melt of suspended oxides. 





Fig. 5—Vacuum test samples illustrating gas content. 
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Utility Flux—for cleansing and mild degassing. This 
flux is used to produce a clean molten metal bath 
that is free of oxides and foreign material that may 
be suspended in the melt. The flux is best added at 
about 1250 F-1300 F and worked in with a perforated 
skimmer. Additions are made until the foreign mate- 
rial clings together and the mass has become a cherry 
red color. It is then removed. An excess of flux will 
result in a liquid mass which is difficult to remove 
effectively. 

Cleaning Flux—for magnesium-aluminum alloys is 
a balanced composition containing more than 1 per 
cent magnesium. This flux is prepared for aluminum- 
magnesium-type alloys because of the necessity for 
maintaining a balanced chemical composition and 
preventing loss of magnesium. It is added in the 
same quantity and in the same manner as the stand- 
ard treating flux. It will give maximum cleansing and 
will also act as a mild degassing flux. 

Gaseous fluxes for aluminum may be nitrogen or 
chlorine gas. It is important for aluminum fluxing to 
obtain “oil-pumped” rather than “water-pumped” gas 
for obvious reasons. The gas is introduced to a 
well-hooded furnace by a carbon tube equipped with 
a diffuser head, attached to the gas bottle or reser- 
voir. The diffuser head is very important to obtain 
many fine Lubbles of gas rather than several large 
ones, since a greater surface area of the gas will 
eliminate more hydrogen. 

The gas should always be turned on before intro- 
ducing the tube into the bath. This avoids any frozen 
metal in the tube. A rate of flow which will mildly 
ripple the surface of the bath is good. Severe agita- 
tion will decrease the efficiency of gas fluxing. Gener- 
ally, five min of gas flow for quantities of less than 
500 Ib, and slightly longer for larger furnaces, will 
be adequate. This is the most efficient means of clean- 
ing and degassing aluminum alloys. 

Chlorine degassing must consider the importance 
of the magnesium content of the alloy, as at elevated 
temperatures reduction of magnesium can change the 
composition (Fig. 6). 

GRAIN REFINING 

In permanent molding, where irregular tempera- 
ture gradients occur within the mold, large grain 
structures can often be noticed in the casting. This 
denotes that this area of the casting has not been 
chilled sufficiently in the mold, or that progressive 
solidification has not been obtained. In the case of 
thin-sectioned castings, elevated temperatures neces- 
sary for complete fill can cause coarse grain size. 

In most of these cases, grain refining of the melt 
will prove helpful toward producing an internally 
sound casting. It will aid the foundrymen to improve 
pressure tightness, mechanical properties, machinabil- 
ity, and if close dimensional tolerances are being 
held, that is, piston-pinhole inside-diameter dimen- 
sions, sizes may be held more consistently. The addi- 
tion of grain refining elements must not be considered 
a cure-all for abusive metal melting practices, but 
only a tool to be used where required. 

The grain refining elements may be introduced 
through hardeners or fluxes and aid in producing 
fine equi-axed grains in the alloy.’ Because they lose 
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HOW FLUXING HELPS STRENGTHEN ALUMINUM 
ALLOYS 


Typical Examples of Improvement in Mechanical Properties by 
the use of Aluminum Flux. 











Degassing 
Flux Unfluxed 

Heat-treated type—A.S.T.M. SG70A 
alloy, T.6 Condition. 
Ultimate Tensile strength, psi 33,000 29,000 
Yield strength, psi (0.2 per cent offset) 24,000 20,000 
Elongation, per cent in 2 in. 3.5 2.5 
BHN (500 kg, 10 mm) 70 70 

Cleaning 

Flux Unfluxed 

Sonmonet Type—A.S.T.M. CS43A al- 
oy. 
Ultimate Tensile strength, psi 25,000 22,000 
Yield strength, psi (0.2 per cent offset) 15,000 13,000 
Elongation, per cent in 2 in. 2.0 1.5 
BHN (500 kg, 10 mm) 60 60 
gaat cea type-A.S.T.M. SC64B 
alloy. 
Ultimate Tensile strength, psi 34,000 26,000 
Yield strength, psi (0.2 per cent offset) 19,000 16,000 
Elongation, per cent in 2 in. 2.5 1.0 
BHN (500 kg, 10 mm) 85 85 
Die-Cast Type-A.S.T.M. SC84A alloy. 
Ultimate Tensile strength, psi 46,000 37,000 
Yield strength, psi (0.2 per cent offset) 25,000 20,000 
Elongation, per cent in 2 in. 3.0 1.5 
BHN (500 kg, 10 mm) 80 80 
Magnesium-Containing Type- 
A.S.T.M. ZG32A alloy, sand cast. 
Ultimate Tensile strength, psi 35,000 30,000 
Yield strength, psi (0.2 per cent offset) 19,000 16,000 
Elongation, per cent in 2 in. 9.0 5.0 
BHN (500 kg, 10 mm) 65 65 


— The above properties were obtained from remelted gates, risers, 
and spr es. 





Fig. 6—Comparative table of mechanical properties resulting 
from fluxed and unfluxed recycled foundry return. 


effectiveness somewhat upon metal remelting, they 
are most effective added at the pouring station. 

Titanium, zirconium, and boron are all good grain 
refining elements, and can be added easily through 
a grain-refiner flux. 

The grain-refining flux is a quality flux which not 
only cleanses but refines the structure of the casting. 
An addition of about 4 oz. per 100 Ib of metal will 
grain refine the alloy. This grain refinement will re- 
duce shrinkage and gas porosity, and will also help 
to prevent dross and cracks, as well as improve the 
appearance of the casting. This flux is particularly 
helpful when pouring temperatures must be very 
high, or when the proportion of previously melted 
metal is greater than normal. The same effects can be 
obtained by the use of these elements in alloy form 
as hardeners. 

Holding a melt for extended periods of time, as 
well as overheating, will tend to diminish the effect 
of grain refiners and should be avoided. Excessive 
amounts of grain refiner will effect the mechanical 
and physical properties unfavorably. Melting-room 
technique for adding these fluxes should follow the 
same order as when using solid fluxes for cleaning or 
degassing as mentioned before (Fig. 7). 


MODIFICATION 


The use of metallic sodium to modify the grain 
structure of silicon in aluminum-silicon alloys is a rec- 
ognized practice for sand and permanent mold casting 
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Fig. ive ge per cent Si-Al alloy structure, sand cast, 
unmodified. 250X. 





Fig. 9—Eight per cent Si-Al alloy structure, sand cast, 
Na- ified. 250X. 





Melting Aluminum Alloys 


Fig. 7—Etched ingot slices showing effect of grain refining. 


alloys. A sodium addition of 0.05 per cent maximum 
will change the normal long silicon needle-like crystals 
and disperse the silicon more uniformly throughout 
the alloy in smaller spherical particles.° This will 
not only improve the mechanical properties but also 
make for improved machining and polishing. 

Sodium additions in the foundry should be limited 
to the minimum necessary to effect modification. Ex- 
cessive sodium makes for decreased fluidity while 
decreasing the shrinkage tendency in the mold some- 
what. In alloys which are sodium modified, the use 
of chlorine gas or chloride-type fluxes removes the 
effect of the sodium and eliminates the modification. 
Another addition of sodium is then advisable (Figs. 
8 and 9). 

There is no substitute for good melting technique 
in a casting operation. Proper maintenance of equip- 
ment and tools, the establishment of correct charging 
and melting procedures, and the intelligent use of 
fluxing and grain refining methods are essential if 
highest quality castings are to be produced. 


REFERENCES 


1. (a) J. D. Edwards, F. C. Frary, and Zay Jeffries, The 
Aluminum Industry, Vol 1, “Aluminum and Its Production”. 
(b) Vol. 2, “Aluminum Products and their Fabrication”, 
McGraw-Hill Book Co., New York, 1946. 

2. “Non-Ferrous Melting Practice,” (Symposium), The Amer- 
ican Institute of Mining and Metallurgical Engineers, 1946. 

3. Donald L. Colwell and Oldrich Tichy, “Machinability of 
Aluminum Die Castings”, AFS Transactions, v. 64, p. 
236 (1956). 

4. “Process Control of Aluminum Foundry Procedure”, So- 
ciety of Automotive Engineers, 1945. 

5. Edwin W. Doe, Foundry Work, John Wiley &Sons, Inc., 
New York, 1951. 

6. George Sachs and Kent R. Van Horn, “Practical Metal- 
lurgy”, A.S.M., Cleveland, 1940. 

7. L. W. Eastwod, “Gas in Light Alloys”, John Wiley & Sons, 
Inc., New York, 1946. 

8. W. Bonsack, “Trends in Aluminum Alloys”, AMERICAN 
FounprYMAN, Oct. 1949. 

9. W. Bonsack, “Effects of Minor Alloying Elements in Alum- 
inum Casting Alloys”,—Part 1, 1942, Part 2, 1943. 

10. Lucio F. Mondolfo, Metallography of Aluminum Alloys, 
John Wiley & Sons, Inc. New York, 1943. 





the 
noi 
aut 
wit 
res 
fur 
sur 
irol 
ele 


es 
wei 
was 
had 
del: 
duc 
net 
tot 
tal 


€CO! 


of | 
com 
silic 
chre 
nace 
grea 
Ac 
pan) 
uati 
actu 
*Chi 

sion 

Met 


eral 


58-75 





ys 





DUPLEXING PAYS AT AUTOMOTIVE FOUNDRY 


By 


H. A. Laforet* and F. J. Webbere** 


ABSTRACT 


Changes in foundry operations related to duplex pro- 
cessing of gray iron at the authors’ company have re- 
sulted in increased efficiency, lower cost of iron, and 
improved control. The company foundry has demonstra- 
ted that under favorable circumstances the duplexing 
of cylinder iron can show a net cost advantage if used 
to its full potential. Duplexing allowed major improve- 
ment in cupola practice and metal transfer operations. 


Although there is some difference of opinion in 
the foundry industry today regarding the relative eco- 
nomics to be gained by duplexing gray iron, the 
authors’ company can report convincing success. Beset 
with complex control problems, one division’s foundry 
resorted to the installation of two 15-ton electric-arc 
furnaces to obtain a metal reservoir which would as- 
sure not only sufficient quantity but more uniform 
iron at the pouring lines. Tapping operation from the 
electric furnace into transfer ladles is shown in Fig. 1. 

This is a conventional arrangement. The advantag- 
es of duplexing were clear cut and greatly out- 
weighed the accompanying limitations. Productivity 
was increased in the foundry, and the machine shop 
had fewer complaints. In addition, the cost of iron 
delivered to the pouring lines was substantially re- 
duced. It should be emphasized, however, that the 
net gain for any particular foundry must be related 
to the prevailing circumstances which justify the capi- 
tal expenditure. There are many gray iron foundry 
operations where duplexing would not be considered 
economical. 


DUPLEXING BENEFITS 


The greatest benefits appeared in the cylinder iron 
of approximately 180 to 230 BHN. The’ nominal 
composition is 3.25 per cent carbon, 2.25 per cent 
silicon, 0.75 per cent manganese and 0.30 per cent 
chromium. Prior to the installation of the electric fur- 
naces the division foundry had been experiencing 
great difficulty in obtaining satisfactory metal quality. 
A cooperative survey by this division and the com- 
pany’s research staff disclosed several undesirable sit- 
uations both in the foundry and in the machine shop. 

These conditions, although metallurgical in nature, 
actually stemmed from interruptions in the produc- 





*Chief Metallurgist, Foundry Operations, Pontiac Motor Divi- 
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tion rate of castings. Automation in both molding 
and machining operations had created: serious prob- 
lems for the foundry. As represented in Fig. 2, the 
machining lines for the cylinder block and cylinder 
head were fully mechanized with the latest type of 
tooling and transfer equipment available. The melt- 
ing department, however, was not modernized to the 
extent that a uniform grade of iron could be poured 
at all times. 





wr . 
| 





Fig. 2—Automatic machining line V-8 engine blocks. 
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For successful operation the highly mechanized 
machine shop required castings which were more 
closely controlled for hardness and structure than 
could be furnished by the foundry. At the same time, 
the engineering requirements of the iron were in- 
creased to meet the higher horsepower trend in en- 
gine design. The problem for the foundry was, there- 
fore, much more critical and progressive steps were 
obviously necessary. 

Furthermore, the installation of a new high speed 
automatic molding line* capable of producing all the 
plant requirements for cylinder blocks had increased 
the frequency of maintenance stoppages. This one 
line was designed to produce 207 cylinder blocks per 
hr and required upwards of 30 tons of molten iron 
per hr to maintain a uniform rate of production. Any 
interruptions of the molding line, due at times to the 
increased maintenance problem with the new highly 
mechanized equipment, resulted in an inadequate 
supply of castings for the machine shop. These irregu- 
larities in the molding line output indirectly affected 
control of the metal at the cupola, adding to the 
machining difficulties. 

When the block line was functioning well, the de- 
mand for metal approached the ultimate capacity of 
the cupolas. When production on the block line was 
interrupted, the output of at least one cupola had to 
be drastically and immediately curtailed. This fre- 
quent, irregular variation in the melting rate made 
close chemistry and temperature control impossible 
and was reflected in decreased efficiency in all parts 
of the foundry and in the machine shop. 


REASON FOR CHANGE 


A typical check on one cupola for a 16-hr run re- 
vealed as many as 20 interruptions in melting. This 
situation had far reaching consequences. Total carbon 
content varied from 3.35 per cent to 3.82 per cent 
and fell within the preferred range of 3.10 per cent 
and 3.40 per cent on only one sample during the 
entire day. Silicon ranged from 2.02 per cent to 2.45 
per cent. Chill depth tests were outside of the pre- 
ferred range for almost half of the day’s operation. 
Spout temperatures ranged from 2660 F to 2785 F. It 
was impossible to set up proper coke ratios and charge 
make-up since melting was seldom stabilized. 

Along with strong recommendations for improve- 
ment in preventative maintenance, charge composi- 
tion, and control procedure, an intermediate holding 





*“Handling Units Speed Foundry Cycle”, Iron Age, Vol. 180, 
23, December 5, 1957, pp. 134-135. 





---= PREVIOUS METAL TRANSFER 
——— PRESENT METAL TRANSFER 


Fig. 3—Layout of melting department showing location of du- 
plexing furnaces and changes in the metal transfer system. 
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station to provide a store for hot iron appeared essen- 
tial. The obvious advantages of electric arc duplexing, 
(blending the output from several cupolas, improved 
temperature control, and opportunity for chemistry 
adjustment) dictated the installation of the two elec- 
tric holding furnaces. Some consideration was given 
to the use of forehearths but space requirements 
were unfavorable. 

The old lay-out at the foundry consisted of 8 back 
slagging cupolas. Cupolas 1, 3, and 5 were alternated 
with 2, 4, and 6 to produce cylinder iron. Cupolas 7 
and 8 were used on alternate days for soft iron to 
provide metal for manifolds and housings. 

This cupola layout, required an intermittent tap- 
ping operation which limited the size of the transfer 
ladles to about one’ ton each and complicated the 
metal handling problem. Larger ladles could not be 
used without risk of emptying the cupola wells. 

The most appropriate solution would allow for 1) 
blending of the iron to obtain more uniformity in 
composition and 2) improved temperature control by 
use of a holding furnace which could add heat to the 
bath as required. An electric duplexing furnace was, 
therefore, substituted for cupola No. 3 without dis- 
turbing the adjacent cupolas. This resulted in a close 
but workable fit, the transformer being located direct- 
ly behind the furnace and under the former charge 
make-up floor of the replaced cupola. 

The remaining cupolas were modified for front slag- 
ging and continuous tapping directly into the elec- 
tric furnace. A second electric furnace was installed 
adjacent to cupola No. 8 for soft iron. This new ar- 
rangement is shown in Fig. 3 with the changes in 
the metal transfer system represented by dotted lines. 

The melting department was now set up to run 
No. 1 and 2 cupolas alternately with No. 4 and 5 for 
the production of cylinder iron. Cupolas No. 7 and 
8 alternated on soft iron. Cupola No. 6 was left 
idle. The entire duplexing procedure was worked out 
and staffed by existing cupola personnel. 

The major advantages derived from duplexing of 
the cylinder iron were: 1) improved composition and 
temperature control, 2) decreased scrap, 3) decrease 
in cost of raw materials in the charge, 4) increased 
productivity, 5) cleaner melting operation, 6) reduc- 
tion in amount of metal pigged for low temperature, 
and 7) more uniformity in the metal in castings 
supplied to the automatic machining lines. The mag- 
nitude of these benefits is indicated below. 


COMPOSITION CONTROL 


The output of two-cylinder iron cupolas are blend- 
ed continuously in the 15-20 ton bath of the electric 
furnace. This is the equivalent of 6-8 cupola charges 
which levels out the irregularities introduced by vari- 
ations in charge make-up or cupola melting conditions. 
Figures 4 and 5 illustrate representative operations 
before and after duplexing was inaugurated. 

Before duplexing, total carbon content was delib- 
erately held on the high side in order to avoid the 
more objectionable consequences resulting from ex- 
cessively hard iron. Since duplexing, the total carbon 
content can be controlled at a lower level to take 
advantage of improved mechanical properties. The 
effect on silicon is also shown by a maximum devia- 
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tion of + 0.10 per cent Si over the entire day in present 
operation. 
CHILL CONTROL 

With duplexed iron the total variation in chill shown 
in Fig. 6 is approximately 1/32-in. for the entire 
day’s operation. It is now standard practice to inocu- 
late with 1-2 Ib/ton of graphitizer in each ladle. Pre- 
viously it was not uncommon to run as high as 15-20 
lb/ton of the graphitizer. The fluctuativu in chill 
before duplexing is also shown in Fig. 6. These graphs 
show data from two different chill tests, but the rel- 
ative deviation from the preferred range may be used 
for comparison. 

The net effect of this improved control is depicted 
in Fig. 7 which shows the hardness distribution on 
production V-8 cylinder blocks from both periods. 
Hardness values, including measurements on cylinder 
walls and pan rails, varied from 135 to 229 BHN be- 
fore installation of duplexing. Rejection of all blocks 
below 160 BHN was necessary to assure satisfactory 
field service requirements. The range has now been 
narrowed to 163 to 212 BHN. Rejection of cylinder 
blocks because of hardness deviation has been negli- 
gible since duplexing was begun. 


TEMPERATURE CONTROL 


The advantage of an electric holding furnace for 
temperature control is quite obvious. Not only can 
uniformly hot iron be delivered to the transfer ladles 
regardless of delays, but extra temperature can be 
achieved to compensate for unusual conditions such 
as the initial heat loss in handling at the start of the 
first shift. The first iron from the cupolas is now used 
in castings. 

There is no initial period of pigging as was pre- 
viously customary. All pigging has been eliminated in- 
as-much as cold metal held at the pouring line can be 
returned to the electric furnace for reheating. 


SCRAP REDUCTION 


The foundry currently operates at a much lower 
rejection rate than ever before. Loss of castings charge- 
able to the melting department due to slag, misruns 
and off-specification iron is almost negligible. 


CHARGE COST 


One of the most significant advantages of the du- 
plexing operation which had not been anticipated was 
satisfactory operation on lower cost materials in the 
cupola charge. The use of cast iron and steel briquettes 
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was formerly limited to a maximum of 20-25 per cent 
in the cylinder iron and none in the soft iron. The 
foundry is currently operating with 20-25 per cent 
briquetted borings and turnings in the cylinder iron 
charge, and 10-15 per cent briquettes in the soft iron 
charge. The difference in charge make-up for cylin- 
der iron is shown in the Table 1. 

The straight cupola operation at the foundry had 
required a premium grade of alloy pig iron. Due to 
the continuous blending of metal from two cupolas, 
lump and briquette ferro-alloy additions can now be 
utilized to the fullest. Reduced cost can often be 
achieved depending on market prices of scrap and 
raw materials. Furthermore, electric furnace iron is 
inherently harder than cupola iron of the same com- 
position, a condition attributed to better solution of 
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TABLE 1 — CHANGE IN CYLINDER IRON CUPOLA 
CHARGE COMPOSITION PERMITTED BY 
DUPLEXING PRACTICE 








Cylinder Iron Charge Charge 
Cupola Charge Before After 
(5600 Ib) Duplexing, % Duplexing, % 
Steel Scrap ; 14.9 9.0 
Steel Briquette 9.9 13.0 
CI Briquette 14.9 17.0 
CI Scra 31.7 30.0 
Malleable Pig 21.8 29.4 
Briquette (Si, Mn, Cr) ~ 1.6 
Cr, Mn, Si Pig Iron 4.3 _ 
Silicon Pig (16% Si) 2.5 _ 
100.0 100.0 
Coke 850 Ib 580 Ib 
Limestone 235 Ib 175 Ib 





the graphite nuclei. Alloy content may, therefore, 
be reduced to the low side without impairing mechan- 
ical properties. 

Operating two-cylinder iron cupolas near maximum 
capacity rather than three cupolas intermittently af- 
fords further savings by improving the metal/coke 
ratio from 5.9/1 to 8.6/1 with an accompanying re- 
duction in limestone. 

The net savings in charge materials amounts to 
approximately $4.00-$4.50/ton of iron. 


INCREASED PRODUCTIVITY 


Conversion of the cupolas to front slagging, and 
increasing the capacity of the transfer ladles from 
1 ton to 2-1/2 ton capacity, resulted in an increase 
of approximately 40 per cent in the direct labor 
productivity of the melting department. This was 
achieved by continuous tapping into a metal reservoir 
which could supply the larger transfer ladles without 
risk of emptying the furnace: 


MISCELLANEOUS BENEFITS 


Front slagging also eliminated the nuisance of slag 
wool which previously floated to all parts of the melt- 
ing and molding areas. Duplexing with front slagging, 
therefore, proved to be a much cleaner and a more 
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efficient operation. Finally, there was evolved a much 
improved relationship between the foundry and the 
machine shop. This is difficult to evaluate in dollars 
but is of vital importance in improving the foundry 
product and reducing over-all costs. 


DISADVANTAGES OF DUPLEXING 


The possible disadvantages of duplex operations 
should not be over-looked. Heading the list is the ab- 
solute dependence of the entire metal flow on one 
conversion unit. Since all the cylinder iron passes 
through the one duplexing furnace, any shut down of 
this unit will stop all the cylinder iron lines. It is 
expected that ample preventative maintenance and 
well-timed repair will minimize this possibility. 

The only serious problem experienced in the initial 
operation of the electric furnaces was holding the 
banks due to the high fusion materials used in repair. 
The bottom and banks are now repaired with a natu- 
ral sand which has a lower fusion temperature and 
will sinter with the residual heat of the furnace. 

Refractory costs for the front slagging cupolas were 
increased over that of the intermittent tap-type cupola 
primarily because of the maintenance of the troughs 
and launder. For cylinder iron, this increase was only 
4.5 per cent. For soft iron the increased refractory 
cost was approximately 46 per cent. The increase for 
the cylinder iron would be greater except for the 
elimination of one cupola made possible by the elec- 
tric furnace. Two cupolas are now furnishing as much 
iron as three cupolas did previously. 

The over-all increase in operating costs including 
power, electrodes, refractories, and amortization is in 
the range of $0.75 to $1.50 per ton of iron tapped. 
This it more than offset by the $4.00-$4.50 per ton 
savings in materials charged into the cupola. 

The success of the duplexing operation at the foun- 
dry may be attributed to the determination to exploit 
every advantage the electric holding furnace afforded. 
The over-all package of improved quality, greater 
productivity, and lower metal costs has been most 
gratifying. 
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SALT BATH HEAT TREATMENT VS. QUENCH AND TEMPER 


STANDARD AND PEARLITIC MALLEABLE 


P. W. Green* 


ABSTRACT 


This paper gives a preliminary coverage of the basic 
manufacturing methods used in the production of stand- 
ard and pearlitic grades of malleable iron, a physical 
property comparison between oil-quench and temper and 
isothermal salt transformation of standard and pearlitic 
malleable iron, and a comparison of the microstructures, 
mechanical properties and hardness values obtained 
from the two heat treating techniques. 


All iron to be used in the production of standard 
35018 grade malleable iron and the various grades 
of pearlitic malleable produced is melted in a conven- 
tional batch-type furnace, fired with pulverized coal. 
The base chemistry of the metal is given in Table 1. 

Laboratory weighed packets of 8-mesh medium- 
carbon ferro-manganese are added to the ladle to 
give 0.60-0.85 per cent contained manganese in the 
iron for pearlitic work. 

A typical charge is listed in Table 2. 

The heat treatment of standard and pearlitic grades 
of malleable iron is done in 5-ton capacity, electric 
elevator car-type furnaces. The first stage of both 
classes is similar in that a high temperature of approx- 
imately 1800 F is maintained sufficiently long for mas- 
sive carbide breakdown. In straight malleable the load 
is then transferred to another furnace for complete 
anneal by slow cooling through the critical range. 
The pearlitic grades, on completion of the first stage, 
are air-quenched to give a fine pearlitic matrix, a sphe- 
roidizing treatment just below the critical completes 
the second stage. 

The standard malleable iron, produced from the 
base composition and heat treatment mentioned 
above, develops physical properties covered in A.S.- 


*Metallurgist, Erie Foundries, General Electric Co., Erie, Pa. 
TABLE 1 — BASIC CHEMISTRY OF MALLEABLE AND 
PEARLITI 








C MALLEABLE IRON 

Chemical 

Ingredient Percentage 
Carbon 2.25 — 2.35 
Silicon 1.00 — 1.05 
Manganese 0.35 — 0.40 
Phosphorus 0.09 — 0.11 
Sulfur 0.09 — 0.12 
Chromium 0.015, Max. 
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T.M. 35018 grade. Typical properties obtained in the 
pearlitic grades produced with a constant heat-treat- 
ing cycle and variable manganese levels are shown in 
Fig. 1. 

Both of the above mentioned end product mate- 
rials can be further heat treated similar to steel. 


TABLE 2 — TYPICAL CHARGE, MALLEABLE AND 
PEARLITIC MALLEABLE IRON 






















Ingredient Percentage 
Sprue 50 — 55 
Malleable Scrap 3-— 5 
Steel Rail 10—12 
Pig Iron 29 — 32 
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Fig. 1—Typical properties obtained in the pearlitic grades of 
iron produced with a constant heat-treating cycle and variable 
manganese levels. 
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Fig. 2—Solution and “tempering furnaces along with agitated 
oil tank used in the quench and temper study. 


QUENCH AND TEMPER TREATMENT 


Standard and pearlitic malleable tensile test bars 
were used in this phase of the study in order to 
determine the various mechanical properties obtain- 
able. Brinell ha-dness readings were obtained follow- 
ing the quench and temper study by cutting wafers 
from the bars and brinelling the cut surface. These 
wafers were also used for the photo-micrographic 
work. A carbon block was used in the solution furnace 
to retard oxidation. 

Groups of bars from both classes of malleable were 
solution treated at 1600 F in a standard heat-treating 
furnace. After holding for 1 hr they were quenched 
in agitated oil to room temperature. 

The quenched bars were then tempered at various 
sub-critical temperatures for 2 hr.. 

Figure 2 shows the type of equipment used while 
Fig. 3 shows the microstructure obtained as quenched 
in oil. The as-quenched Brinell hardness of the stand- 
ard malleable ran 520 while the pearlitic material (0.80 
per cent contained manganese) ran 530 Brinell. 

The results obtained on the quenched bars after 
tempering at various temperatures are shown in Fig. 4. 
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Fig. 4—Typical mechanical properties of regular and pearlitic 
malleable iron oil quenched and tempered at various tem- 
peratures. 


With tempering time remaining constant (at 2 hr), 
the hardness drops as the tempering temperature in- 
creases in both the regular and pearlitic malleable 
grades. 

When a comparison of hardness values to tensile and 
vield strength is made, the regular and pearlitic grades 
are similar. 

Also the elongation figures are identical when stand- 
ard and pearlitic irons are tempered to the same 
hardness value. 

As shown in Fig. 5, there is a constant increase 
in carbide precipitation and size as the tempering 


Fig. 3—Martensitic structure ob- 
tained from the oil quench. Nital 
etch. 100X. 
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Fig. 5—Photo-micrographs showin 


oil quench and temper 
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Fig. 6—Positive circulation salt bath equipment used in the 
isothermal studies. Solution salt (left) and (right) quench salt. 
temperature goes up. At 1200 F the microstructure 
showed signs of spheroidization taking place. 

The property data obtained from this study holds 
only within dimension limits of test bars used or where 
casting sections have comparable quenching rates. 

SALT BATH HEAT TREATMENT 

Standard and pearlitic malleable tensile test bars 
were also used in the isothermal transformation treat- 
ment study. The type of equipment used in this 
phase of the investigation is shown in Fig. 6. 

The bars were solution treated at 1600 F in molten 
salt to a structure of austenite and temper graphite, 
the same as in the quench and temper technique. 
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cal temperatures. 
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Fig. 8—Typical mechanical properties on regular malleable 
iron isothermally transformed at various sub-critical temper- 
atures. 

After a 20 min soak at temperature, they were 
quickly transferred and quenched into constant tem- 
perature salt baths at various sub-critical tempera- 
tures and held sufficiently long for complete transfor- 
mation to take place. The physical properties 
obtained from bars isothermally quenched at various 
temperatures are shown in Figs. 7 and 8. 

As can be noted from Fig. 7, a dip in the elongation 
curve exists between 900-1000 F. The reverse of this 
characteristic also exists in the hardness curve of the 
pearlitic base material in Fig. 9. This correlation was 
not noted in the isothermally treated regular malle- 
able bars as shown in Figs. 8 and 9. 

The reason for the absence of the dip in the regular 
malleable material in the 900-1000 F range was that 
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Fig. 9—Hardness valves of regular and pearlitic malleable 
iron related to isothermal transformation temperature. 
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the critical cooling rate was not exceeded and a 
mixed pearlitic-acicular structure existed. A slight dip 
does exist in the 700-800 F range due to the faster 
rate of quench of the 700 F salt. The quench into 
700 F salt was drastic enough to just nick the knee 
of the “S” curve, and the transformation product was 
essentially acicular with only a small trace of nodular 
pearlite present. 

The success of the isothermal quench process de- 
pends on a knowledge of the “S” curve (for malle- 
able irons it is similar to a S.A.E. 1060 steel). In order 
to obtain the structure and hardness desired, the sec- 
tion must be cooled at such a rate, from its austenitic 
range, that no transformation takes place until the 
desired temperature is reached. The presence of 40 
extra points of manganese in the pearlitic bars shifted 
the “S” curve sufficiently to the right to allow more 
throat opening time. Photo-micrographs bear this out 
as shown in Fig. 10. 

The transformation product developed, at tempera- 
tures from 1200 F down to 1000 F, in the pearlitic 
were nodular pearlitic, while from 900 F-600 F the 
transformation product was acicular in nature. With 
the regular malleable an acicular transformation made 
its first appearance at the 700 F quench level. 


SUMMARY 


In summarizing, the following comparisons can be 


made:— , 
1. In the oil quench and temper technique, high 
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manganese pearlitic materials have higher tensile 

and yield values than the regular malleables for a 

given tempering temperature. 

2. For the same hardness values regular and pearlitic 
materials develop the same elongation and rela- 
tively the same tensile and yield strengths. 

3. The higher the tempering temperature the softer 
the product in a straight line function. 

4. With salt bath treating, the acicular transformation 
products have higher tensile, yield and elongation 
properties than the pearlitic transformation prod- 
ucts for comparable hardness levels. 

5. Comparing equal hardness values, the acicular 
transformation products have higher ductilities than 
the oil-quenched and tempered materials. 

Further work in the field of isothermal heat treat- 
ment along the line of impact strength should prove 
worthy. The impact properties of steel are greatly 
enhanced in isothermal treating over oil-quench and 
temper to the same hardness. 

When this paper was written, the author included 
information and expressed opinions he believed to 
be correct and reliable. However, because of the 
constant advance of technical knowledge, the widely 
differing conditions of possible, specific applications, 
and the possibility of misapplication, neither the au- 
thor nor his employer makes any warranty with re- 
spect to, or assumes any liability arising out of this 
paper, its contents, or its use. 
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SILICON: PRESENT AND FUTURE 


By 


Walter E. Remmers* 


INTRODUCTION 


If silicon in its various forms were not available, 
there would be no meeting of foundrymen here this 
morning, in fact, there would be no building such 
as this for us to occupy. There is even a probability 
that we would be a different people living in an 
entirely different environment. That silicon plays a 
fundamental role in our entire existence becomes ob- 
vious when we begin to think of its many applications. 

Throughout our entire life silicon, in some form, is 
seldom, if ever, more than an arm’s length away. It 
may be the sand in the concrete floor beneath us, 
or an alloy in our aluminum chair. It may be in the 
steel of our automobile, or in the lens of our reading 
glasses. It is one of the oldest materials used by man. 
Earthenware jars for food or water were of clay. The 
weapons and tools of prehistoric man were of flint, 
and he ignited his fires by striking two pieces of 
flint together. To this day, silicon in one form or 
another, continues as one of man’s most useful ele- 
ments. 


SILICON ABUNDANCE 


It is one of the most common materials in the earth’s 
crust. Next to oxygen, it is the second most abun- 
dant element. In nature it is found in the oxide form 
as sand, or combined as a silicate in some minerals. 
It is one of the most versatile of the elements, not 
only in application but in price as well. In the form 
of sand or gravel it is one of the cheapest of indus- 
trial raw materials, whereas, in its highly purified 
form the cost is several hundred dollars per lb, a 
range of about 1-1,000,000. 

Because the use of silicon in its various forms is so 
widespread, it would not be possible to cover all of 
them in any single discussion. Therefore, let us consid- 
er silicon as it is used in present-day applications that 
involve metallurgical and kindred processes of interest 
to most of us, and then look toward developments 
in the future. If I speak of subjects closely related 
to the interests of my company, it is because the 
author’s company has been actively associated with 
the development of silicon products and processes 
from the earliest days. 

Although impure forms of silicon had been pro- 
duced, ferrosilicon was of no interest commercially 
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until Henry Bessemer found that the addition of 
silicon to blown metal from a converter produced 
sound steel. This was just a century ago, so in effect 
we are now celebrating the centennial of the use of 
silicon in steelmaking. Interest in silicon increased at 
a rapid rate after Hadfield published the results of 
his comprehensive investigation of the effects of sili- 
con in steel. His important discovery of the effects 
of several per cent of silicon on the magnetic proper- 
ties is responsible for the high silicon electrical steels 
of today. 


EARLY MANUFACTURE 


Once the remarkable metallurgical advantages of 
using silicon became known, a demand was created 
for a material that was not readily available at that 
time. It was de Chalmot in 1893 who began the 
electric furnace manufacture of ferrosilicon at Spray, 
N. C. This was in the plant of a predecessor of 
Electro-Metallurgical Co. A graphic sketch of a sub- 
merged arc furnace as used in the production of 
ferrosilicon is shown in Fig. 1. The earlier furnaces 
were not covered as is this one. 

Commercial alloys of silicon and iron can be ob- 
tained today in compositions that range from rela- 
tively pure iron to extremely pure silicon. 

Although elemental silicon is classed chemically as 
a non-metal, it does possess metallic characteristics 
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Fig. 1—Cross-section of modern covered submerged arc f 
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so it is no surprise that the purer grades of silicon 
for alloying purposes are known as silicon metal. 

Because it weighs less than one-third as much as 
iron, the ferrosilicons are lighter than iron. Ferro- 
silicon gradually becomes nonmagnetic as the sili- 
con content increases through the range of 15 per 
cent to about 21 per cent and remains nonmagnetic 
throughout the higher silicon contents. 

You are familiar with the many grades of ferrosili- 
con, along with a substantial number of other alloys 
of silicon with chromium manganese, and many other 
metals. 


SILICON IN STEEL 


Silicon is one of the most extensively used ferro- 
alloy elements, being second only to manganese 
among the alloy materials used by the steel industry. 
In practically all grades of steel, except rimmed steel, 
some silicon is required. Even in rimmed steel, small 
additions are used for control purposes. The silicon 
content of finished steel ranges in amounts of less 
than 0.02 per cent almost continuously to 5 per cent, 
with a few foundry specifications as high as 9 per cent- 
14 per cent. 

The use of silicon as an alloy in steel is very well 
known by all of you for increasing yield, tensile and 
fatigue strengths in engineering steels, for the purpose 
of decreasing hysteresis loss in electrical steel, or for 
improved oxidation resistance in stainless steel. An 
estimated saving of $800,000 was effected by con- 
structing a bridge of alloy steel, instead of carbon 
steel as used in adjacent structure. A silicon alloy steel 
was used for the highly stressed members of this 
new bridge. 

The 50 per cent grade is the principal ferrosilicon 
used by the steel industry, mainly as a ladle addition. 
However, substantial quantities of other grades such 
as 75 per cent are used as a mold addition for 
capping semi-killed steel, as a mold coating for spe- 
cial steels, and for addition to high silicon steels. 
The 15 per cent grade sometimes known as silvery 
pig iron, is used for blocking open hearth heats. How- 
ever, many steel makers prefer silico-manganese for 
this purpose for its greater effectiveness and improved 
cleanliness of the steel. 

In the early development of alternating current elec- 
trical power it was found that the energy loss in 
motors and generators was excessive. It was only 
through Hadfield’s discovery of the beneficial effects 
of 1 per cent-5 per cent silicon on the magnetic 
properties of steel that use of alternating current grew 
to maturity. 


Silicon-Electrical Cores 

Without silicon-electrical cores in the transformers 
high tension distribution of power plants would not 
have been possible. We would probably have many 
small power plants widely distributed, instead of large 
scale centralized generation. 

I am sure you agree with me that without alter- 
nating current as a practical system of electric power, 
electrical energy would cost more and our industrial 
economy would be vastly different from what it is 
now. 

The manufacture of high silicon electrical steel 
created a demand for higher silicon and lower im- 
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purity grades of ferrosilicon, and so we find 65 per 
cent, 75 per cent, and 85 per cent in special as we'll 
as in regular grades being developed. The use of 
these materials is particularly interesting in that an 
addition of solid 65 per cent ferrosilicon to molten 
steel results in no heat being gained or lost, whereis 
the higher silicon alloys are quite exothermic and 
generate heat when added. 

In addition to the foregoing, pressures for other 
metallurgical improvements developed aircraft qual- 
ity alloy steels, weldable high strength steel, and 
high temperature alloys. 

As a result, there are now a number of binary 
and complex silicon compositions for special purposes, 
such as calcium-silicon for developing ball-type in- 
clusions in bearing steels and for reducing hot-short- 
ness in the high nickel alloys; calcium-manganese- 
silicon for deoxidizing, increasing ductility, reducing 
hot shortaess, or desulfurizing through heavy addi- 
tions. Some of the other alloys for special purposes 
are zirconium-silicon for non-aging, titanium-silicon 
for high-temperature purposes, and iron-aluminum-sili- 
con for deoxidation. 


Low-Carbon Alloys 

But silicon is of great importance to the steelmaker 
in an entirely different way as well. Dr. Becket, who 
was responsible for developing the manufacture of 
low carbon ferrochrome in the arc furnace, found 
that silicon could be used as an economical chemical 
reagent in producing low carbon ferroalloys, such 
as ferrochrome, ferromanganese and ferromolybden- 
um. In his procedures, silicon replaces carbon as a 
reducing agent. 

When present in increased amounts, it displaces 
carbon in the product. This made possible the pro- 
duction of ferrochrome-silicon, an alloy very low in 
carbon content. When the silicon in such an inter- 
mediate low-carbon alloy is oxidized by a metallic 
oxide such as chrome ore, low-carbon, low-silicon fer- 
rochrome is produced. Except for the more recent 
solid-decarburized ferrochrome, and a very small 
amount of aluminothermic alloys, practically all of 
the low-carbon ferroalloys of chromium and manga- 
nese are made by variations of this process. 

It is notable that silicon displaces sulfur too, so that 
low-carbon ferrochromium and ferrochrome-silicon are 
very low in the content of this element. This is par- 
ticularly fortunate because the stainless steels in 
which these are used are quite sensitive to the effect 
of sulfur on hot-shortness. 

The substitution of silicon for carbon is likewise 
utilized for the preparation of special alloys such as 
zirconium-silicon, titanium-silicon, calcium-silicon, and 
calcium-manganese-silicon. These would otherwise be 
made by an aluminum reduction or by some other 
means. 


In Stainless Steel Making 

Another development of this process is the use of 
silicon in the form of ferrosilicon or ferrochrome-sili- 
con to reduce chromium from the slag in making 
stainless steel. This is quite essential for increasing 
the recovery of chromium in the oxygen-blown proc 
ess. With economic pressures to use the lowest cos‘ 
source of chromium in the furnace charge and do 
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more refining in the furnace, the use of silicon as a 
reducing agent in stainless-steel making will increase. 

The process of producing ferromolybdenum is quite 
different but it too uses silicon as a reducing agent. 
In this case, the ferrosilicon contains a substantial 
amount of aluminum which contributes to the effi- 
ciency of the reduction and to the exothermicity of 
the reaction. 

When discussing steel, another seldom thought-of 
contribution of silicon should be mentioned. In the 
sink and float process of concentrating iron ore, mag- 
nesite and other minerals, crushed 15 per cent ferro- 
silicon is used as the densifying medium. Crushed to 
60 or 80 mesh, this grade is suspended in water to 
provide the desired increase in density. It is magnetic 
for easy recovery and is oxidation-resistant so that 
intermittent operations do not cause rusting and cak- 
ing. 
With the need for magnesium metal at the begin- 
ning of World War II, 75 per cent ferrosilicon be- 
came important as a new reducing agent for the 
solid state reduction of magnesium from dolomitic 
limestone. 


SILICON IN IRON 


The use of silicon to control the structure of iron 
and the properties of castings is well known in the 
foundry industry. Since the early evaluation of iron 
by fracture tests, foundrymen have been seeking im- 
proved quality at low cost. The increased use of 
scrap tended to lower the total carbon content. Some 
foundrymen corrected this carbon deficiency through 
the use of lower silicon, higher carbon grades of pig 
iron in the charge and providing the needed silicon 
in more concentrated form, either in the furnace or 
in the ladle. 

Silicon additions to the cupola or air-furnace charge 
are made in the form of crushed ferrosilicon briq- 
uetted with a cement binder, as 15 per cent pig, or 
as specially sized lump 50 per cent ferrosilicon. 

Comparative costs of achieving the desired results 
are usually the determining factor in selecting the 
form of addition. The protective cement binder of 
briquets and the opportunity to use more scrap pro- 
vides some advantage. 

Crushed ferrosilicon in the range of 75 per cent- 
90 per cent was found to be a useful ladle or spout 
addition for its rapid solution and for its effectiveness 
as an innoculent. Subsequently, a number of ladle 
and spout alloys were developed to produce uniform- 
ity in high-strength irons without seriously affecting 
the machinability. These alloys which improve tensile 
strength and transverse properties, generally contain 
silicon with manganese, zirconium, calcium, or other 
metals in properly balanced proportions to effect a 
strong graphitizing innoculation. 


In Ductile Iron Making 

Well known in the industry was the further de- 
mand for a ductile iron as-cast. To fill this demand 
and for better control of physical properties, the use 
of magnesium with silicon was found to be a desir- 
able contribution for innoculation. Nickel-silicon-mag- 
nesium and magnesium-bearing ferrosilicons were pro- 
duced as effective ways of adding it. Several ductile 


Fig. 2—Ductile iron paper mill gears, still good after 2 years 
where cast iron wore out in 6 months. 


iron paper-mill gears are shown in Fig. 2. They are 
still in use after two years, whereas, normal life of 
the same gears when cast in ordinary cast iron was 
about six months. 

Some grades of magnesium-ferrosilicon contain 
small percentages of the rare earth metals up to 1/2 
per cent for neutralizing unwanted elements that in- 
hibit the formation of spheroidal graphite. 

In the malleable foundries, a need for reduced time 
and better control of annealing brought about the 
production of a boron-containing 50 per cent ferro- 
silicon. The boron tends to nullify deleterious effects 
of some impurities and thereby accelerates annealing. 

A sulfuric acid plant uses a substantial number of 
high silicon castings for their corrosion-resistant prop- 
erties. In this plant, the 9 per cent silicon castings 
were specified. 


SILICON IN DIE CASTING 

The largest consumption of silicon metal is in the 
production of aluminum alloys for the foundry and 
for the die-casting industry. Some of these may con- 
tain as much as 12 per cent silicon. Improved fluidity 
and decreased hot shortness are the beneficial effects 
of the silicon. 

For maintaining a low-calcium content in aluminum 
alloys, a low-calcium grade of silicon metal is avail- 
able. 

Silicon carbide, well known to the foundryman 
as a grinding wheel abrasive of large tonnage and 
long-time production, is used as raw material by the 
chemical industry in producing silicon tetrachloride 
for manufacturing compounds such as ethyl silicate 
and white carbon black which is silica in an extreme- 
ly fine particle size. 


SILICON IN INVESTMENT CASTING 

Ethyl silicate, so essential to the investment cast- 
ing industry, provides an adhesive, heat-resistant form 
of silica for bonding the investment or mold body. 
Figure 3 shows a tree of investment cast stellite valve 
seat inserts before being removed from the gate. 
Ethyl] silicate as a source of silica has contributed 
immeasurably to the enormous growth of the invest- 
ment process in which castings are made from pat- 
terns that are too intricate to be drawn in sand. 
An exceedingly fine silica coating on the pattern 





Fig. 3—Investment 
castings for intern- 
al combustion en- 
gine valve seat 
inserts before sepa- 
ration from gates 
and risers. 


before investment shown being applied in Fig. 4, 
produces a casting of rather accurate dimensions 
with a smooth surface. A minimum of grinding is usu- 
ally sufficient for finishing. 

Investment casting using ethyl silicate has been 
used to produce numerous small parts from dentures 
to blading for jet engines. Development has now pro- 
ceeded to the point that castings as complicated as 
the entire wheel of a turbo-supercharger can be pro- 
duced readily as a single casting. 

The use of some types of electrical apparatus at 
high temperatures has been limited by the ability 


Fig. 4—Dipping an investment casting wax pattern in a silica 
solution. 
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of rubber and other insulating materials to withstand 
the elevated temperature. Likewise, in aircraft and 
other types of internal combustion engines, a need 
developed for lubrication and rubber parts that would 
endure at higher temperatures. Here again we find 
ubiquitous silicon playing an interesting role as the 
important element in a group of synthesized organic 
chemicals known as silicones. These substances are 
polymers wherein silicon atoms replace certain car- 
bon atoms in chain compounds. 


SILICONES 


To produce silicones, silicon metal is reacted with 
organic materials in large continuous reactors. The 
resulting mixtures of organo-silanes are separated in 
fractionating columns, and then polymerized into oils, 
resins, and rubbers under accurately controlled con- 
ditions. The products are a unique group of over 150 
different and versatile man-made chemicals which are 
unknown in nature. For example, the squeeze roll 
for combining plastic and paper for counter tops is 
made of silicone rubber. 

These silicones are notable for their heat stability, 
dielectric properties, good resistance to chemical at- 
tack, and for their unusual surface activity. 

Thus silicone oils, because of heat stability and 
other properties, find use as high-temperature lubri- 
cants, hydraulic fluids, and electrical oils. Silicone 
rubber is used in electrical apparatus and appliances 
such as motors, electric irons, ovens, and special wir- 
ing where high-temperature service is important. A 
motor stator being dipped into a silicone solution 
for high temperature insulation and moisture-proofing 
is shown in Fig. 5. Its utility at both high and low 
temperatures is the reason for military vehicles, ships, 
aircraft, and submarines consuming large quantities. 

The usual surface properties of silicones have led 
to their use in cosmetics and water repellents, as 
anti-foaming agents, and as the important constituent 
of the modern wipe-on, wipe-off automobile polishes. 

In shell molding, an emulsion of a silicone oil 
serves as a pattern dressing for improved mold re- 
lease. Sludge buildup is practically eliminated. 


Fig. 5—Dipping a motor stator in a silicone impregnating 
varnish. 
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Fig. 6—Pouring brass castings by the shell molding process. A 
silicone release agent is used in making the shell mold. 


Shell molding, well known to most foundrymen, 
consists of two mold halves produced by covering 
a hot pattern plate with a mixture of sand and 
phenolic resin. The resin quickly sets with the sand 
into a smooth, hard shell, ready for assembly into 
a mold to receive molten metal. Figure 6 is a brass 
foundry pouring operation where shell molding is 
used. Good finish, accurate dimension, and almost 
infinite storage life of the shells are the advantages 
well known in the indusi-y. 

One variety of silicone possesses an aversion for 
water. When this colorless material, dissolved in a 
volatile hydrocarbon, is freely applied to a masonry 
surface the solvent evaporates without sealing the 
surface. The brick work and black marble exterior 
of a district office building has been waterproofed 
with no change in appearance. The almost paradox 
is that a porous masonry surface turns back the wa- 
ter as a result of the repellent properties of the ab- 
sorbed silicone. 

If you have been watching the television perform- 
ances recently, you may be aware of the use of sili- 
cones in lotions to prevent chapped hands, and in baby 
powders to prevent diaper rash. We might say that 
silicones reduce irritation in nursery as well as in 
foundry. 


SILICON VS. ELECTRICITY 


Silicon and germanium are electrically active ele- 
ments, yet they are not classed as conductors or as 
nonconductors of electricity, instead they are known 
as semi-conductors. 

The electrical characteristic of semi-conductors has 
resulted in one of the outstanding scientific and in- 
dustrial developments of today. Several scientists 
working at a telephone company laboratory devel- 
oped a small device utilizing crystals of germanium 
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and silicon. These devices, known as transistors, are 
electric valves that control the flow of energy in 
electrical circuits in much the same manner as a 
vacuum tube. Similarly small diodes and larger rec- 
tifiers operate as valves that pass current in only 
one direction and block it in the other. 

Although, as a semi-conductor, germanium is easier 
to use in transistors, silicon of controlled high purity 
has become the important material for transistor and 
diode crystals. In addition to being abundant, it is 
able to perform at elevated temperatures of 200- 
300 C, and can operate at higher power levels than 
germanium. 

Transistors, with their small size, minute power 
requirements, and greater dependability, are replac- 
ing vacuum tubes. You know of this use in miniature 
radios, but there are extensive applications in broad- 
cast equipment, aircraft apparatus, machine tools, 
computers, and for many other purposes. Their small 
size and reliability makes possible the control of 
guided missiles and messages from man-made plan- 
ets. In our daily living these devices provide the 
possibilities of many more conveniences, such as au- 
tomatic controls and individual communication. A 
portable transistor phonograph can operate off of two 
flashlight batteries. 


HIGH PURITY SILICON 


Silicon, with impurities of not more than 10*-10? 
ppm is required for these new devices, depending 
upon the application. Until recently, purity of this 
order was unobtainable by any known metallurgical 
process, in addition to being beyond measurement 
by established procedures. 

To produce these high purity crystals of silicon, 
entirely new procedures in metallurgy were re- 
quired. New concepts of solid solubility, crystal 
growth, nucleation, diffusion, and other phenomena 
were incorporated into processes such as zone re- 
fining and zone leveling developed by a telephone 
company laboratory. To produce the highest level 
of purity, the unwanted impurities are swept through 
a rod of hot silicon. This is done by pushing them 
ahead of a solid-liquid interface with the noxious 
elements advancing in the progressing liquid phase. 
When they reach the end of the rod and solidify, 
they are discarded mechanically. 

In a somewhat similar manner, the desired ele- 
ments to be introduced into a high purity rod in 
controlled amounts is brushed through the rod leav- 
ing an infinitesimal, but desired quantity behind. 
These new technologies, when applied to other met- 
als, may afford an opportunity for study of entirely 
new areas of high purity metallurgy. 

When the same electrical phenomenon of permit- 
ting flow of current in only one direction, such as 
in the diode, is applied to larger units of greater 
current-carrying capacity, they are known as rectifi- 
ers. The use of silicon as a semi-conductor in rectifiers 
for converting alternating current to direct current 
is new and expanding rapidly. Silicon diodes and 
rectifiers are much smaller and more reliable than 
some of their predecessors. They are replacing vac- 
uum tubes, mercury-arc rectifiers, and motor-gener- 
ator sets, 





518 


The ability of a silicon rectifier to operate at high- 
er temperatures and consistently at higher power 
throughout, permits a tremendous reduction in size 
that is especially significant in applications where 
weight and space must be conserved. Silicon recti- 
fiers are being produced in units of increased current 
carrying capacity with one manufacturer now build- 
ing a 400-amp direct-current arc welder using this 
principle. 

Rectifiers use a lower grade of high purity silicon 
than transistors. This permits refining by recrystalli- 
zation from a molten bath of silicon through the 
introduction of a seed crystal at a carefully controlled 
temperature in an inert atmosphere. The rod thus 
formed on withdrawing the slowly solidifying silicon 
may be cut to size for use when no further refining 
is necessary. 

Although sales of semi-conductors are doubling and 
even tripling annually, the effect has been stimulat- 
ing for a tremendous growth in the entire electronic 
industry. Total sales of the various semi-conductor 
devices are expected to reach a level of at least 
$500,000,000 by 1965. 


SILICON IN SOLAR CELLS 


Silicon possesses one additional characteristic that 
may prove to be of great importance, that is the 
ability to convert light into electrical energy. When 
sunlight impinges. on the surface of silicon electrical 
energy is generated. A unit performing this func- 
tion is known as a solar cell. Its life appears to be 
indefinite. Assemblies have been designed that will 
generate as much as 25-watts and capable of supply- 
ing 5-watts over a 24 hr period. 

Although this is still relatively small in terms of 
power, solar cells nevertheless provide opportunities 
for energizing unmanned transmitters, weather sta- 
tions, and similar devices. A sun-powered hearing 
aid is a very recent development. The entire power 
unit consisting of the silicon solar cell and a tiny 
storage battery is mounted in one temple bar of 
horn rim eyeglasses, with the hearing unit in the 
bar on the opposite side. It is reported that the 
light on a slightly overcast day will provide sufficient 
power to operate the transistor hearing aid without 
drawing on the battery for additional energy. The 
battery operated transistor hearing aid is completely 
contained in one side. The solar cell operated hear- 
ing aid is similar in appearance. 

SILICON COMPOUNDS 

Research scientists have not been devoting all of 
their attention to pure silicon, some have been study- 
ing silicon compounds too. The silicones are one 
group of complex organic chemicals that have 
evolved from this research interest. There are a num- 
ber of other developments in the field of binary 
inorganic compounds of silicon similar in chemical 
makeup to well-known silicon carbide. A few of the 
newer ones beginning to attract attention are silicon 
nitride, molybdenum disilicide, and silicon monoxide. 
Some of these are so new that chemical and physi- 
cal data are still being accumulated. 

Silicon nitride, for example, has been known for 
many years but was largely a laboratory curiosity 
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until 1948 when the author's company’s researchers 
started an investigation of its physical and chemic:l 
properties. Produced by nitriding silicon metal in «in 
atmosphere of nitrogen at relatively high tempera- 
tures, silicon nitride shapes and powder are emer,- 
ing in a field of usefulness that could be extensive. 
Articles can be produced by slip casting, pressing, 
or by extruding, without the addition of any out- 
side bonding material. They possess strength, chem- 
ical stability, a high degree of hardness, and good 
resistance to thermal shock. 

A useful characteristic of silicon nitride is that 
most of the molten nonferrous metals hardly wet it. 
In its initial applications it has been used for thermo- 
couple protection tubes and small melting crucibles 
where freedom from contamination is important. It 
has been tried successfully for coating ladle linings 
and in mold washes for sand castings. Crucibles 
and boats are used for such zone refining or leveling, 
because silicon nitride is not wet by molten ger- 
manium or molten silicon. 

Silicon nitride, with its resistance to high-temper- 
ature oxidation and high-velocity erosion, is being 
tested for coating graphite nozzles of rockets and 
as a solid insert in the throats of rocket nozzles. Al- 
though other insert materials have surpassed it in 
static tests, its low density may be an important 
factor in a missile where weight is so critical. 


Molybdenum Disilicide 

Another compound of silicon and molybdenum, 
known as molybdenum disilicide, is a new product 
that may be useful for similar high temperature ero- 
sion applications. It can be fabricated in ways simi- 
lar to those for silicon nitride. Its greater resistance 
to high-temperature oxidation and erosion is offset 
to some extent by its lower resistance to thermal 
shock and its weight which is more than twice that 
of silicon nitride. 


Silicon Monoxide 

Silicon monoxide is another of the newer inorgan- 
ic compounds of silicon for which applications are 
still being found. Its use until recently has been 
limited to the protective coating of optical and pho- 
tographic lenses and reflectors of powerful search- 
lights. Through a process of high-temperature vapo- 
rization, a coating is deposited that is so thin it 
transmits light, and yet it is hard enough to with- 
stand scratching, abrasion of use and exposure. 

A fascinating and new application of silicon monox- 
ide is in the outer coatings of the U. S. Navy Van- 
guard planets now whirling in outer space. This is 
not done for abrasion-resistant purposes, but is based 
on the ability of silicon monoxide to absorb a band 
of radiation of given wave length. The planet is 
coated with two very thin layers of silicon monoxide 
alternately on flash coatings of chromium and alu- 
minum. In this way it is possible to predetermine 
the amount of radiation to be absorbed by the planet 
and thereby limit the inside temperature to a range 
satisfactory for operation of contained apparatus. 

Silicon, an abundant element from the commonest 
of raw material, has a future as challenging as man 
conquering space. 
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ABSTRACT 


Cr-Ni-P, Cr-Mn, and Cr-Ni-Mn-V types of age- 
hardenable austenitic steels which have high-strength 
characteristics in wrought forms were investigated for 
use as high strength, nonmagnetic steels for castings. 
A Cr-Ni-P austenitic steel with 0.3 per cent C and 0.25 
per cent P developed yield strengths at the 100,000 
psi level. The Cr-Mn type of austenitic steels contain- 
ing phosphorus or vanadium were age hardenable, 
but castings of these alloys were brittle when they 
were heat treated to high-strength levels. Modifying the 
wrought Cr-Ni-Mn-V composition resulted in an alloy 
with good ductility and yield strengths at the 100,000 
psi level. 

A fourth type of age-hardenable, austenitic steel, Mn- 
V, containing a minimum of alloying elements was 
developed. Four compositions which were cast and heat 
treated to yield strengths at the 100,000 psi level are 
reported. 


INTRODUCTION 


Naval engineers designing hardware for minesweep- 
ers are handicapped because they lack suitable high- 
strength, nonmagnetic casting alloys. Nonferrous 
alloys and conventional austenitic steels have limita- 
tions with regard to yield strength, modulus of 
elasticity, endurance limit or machinability. In recent 
years, compositions of wrought steels with austenitic 
microstructures have been developed that can be 
age hardened to high hardness levels and yield 
strengths in the range of 88,000 to 147,000 psi.??* 

The heat treatments of these alloys consist of a 
solution anneal at temperatures in excess of 2000 F 
followed by a water quench and then aging for peri- 
ods up to 20 hr at temperatures between 1200 and 
1400 F. The increase in hardness during the aging 
treatment results from a precipitation of minute car- 
bides throughout the microstructure. Large primary 
carbides remain in many alloys after forging and 
rolling operations, but they are discontinuous and 
evenly distributed throughout the microstructure and 
thus do not present a problem for ductility. 

The applicability of three types of these wrought 
alloys for use in castings was investigated. A fourth 
type of alloy having no direct wrought counterpart 
was developed that contains a minimum amount of 
nickel. The tensile properties reported were obtained 


*Metal Processing Branch, Metallurgy Div., Naval Research 
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with the various alloys heat treated to maximum 
hardness levels with the intention of demonstrating 
the potential merit of the composition. The establish- 
ment of optimum ductility properties of. the alloys 
of potential merit requires additional research. 


PROCEDURE 

All of the steels were melted in a basic-lined in- 
duction furnace having a 100 Ib capacity. Armco iron 
was used as the base metal and appropriate quanti- 
ties of master alloys were added to obtain the desired 
compositions (Table 1). A flow of dry helium was 
introduced during the meltdown and the superheating 
period through a loosely fitted cover to minimize 
hydrogen pickup and oxidation of chromium and man- 
ganese. Keel blocks and cylindrical test bars were 
cast at 2850 F directly from the furnace. 

The test bar casting (Fig. 1) was designed to 
simplify the preparation of specimens for hardness 
and tensile tests as many of the alloys were difficult 
to machine even in the solution annealed condition. 
A cylinder 4-in. tall with a 2-1/2-in. diameter, gated 
from the runner of the casting in Fig. 1, was included 
for each type of alloy to determine its solidification 
characteristics. A Pt-Pt 13 per cent Rh thermocouple 
was positioned in the center of the cylinder, and the 
cooling curve was obtained with an electronic tem- 
perature recorder. 

The high chromium-nickel steels were poured in a 
conventional western bentonite bonded silica sand, 
but the molds for alloys with a high manganese con- 
tent were prepared from the sand mixture presented 
in Table 2. 

The cylindrical test bars were solution annealed 
for 1 hr at 2100 F and water quenched. The specimens 
for the hardness tests were then cut with an abrasive 


TABLE 1 — NOMINAL ANALYSES OF MASTER ALLOYS 
FOR PPT.-HARDENING AUSTENITIC STEEL HEATS® 


High 
Carbon 
Ferro- 
Man- 
ganese 
% 


13.0 





Ferro- 
Sili- 
con 


% 
50.0 


Ferro- Ferro- 
Molyb-  Phos- 
denum phorus mium 


% % % 
41.0 76.0 


Ferro- 
Chro- 





59.0 
24.0 
70.5 


*Base metal—armco iron: 0.03% C, 0.01% Si, 0.005% P. 











Fig. 1—Test bar casting. Total weight = 30 Ib; Bar dimensions 
1 in. dia. X 4 in. 


TABLE 2—SAND MIXTURE FOR 
HIGH MANGANESE STEEL 


Per cent by Weight 





Material 


Zircon Sand 89.6 
Silica Sand 4.7 
W. Bentonite , 
S. Bentonite 

Corn Flour 

Core Oil 

Water 








wheel. The disc-shaped specimens were aged for 
periods up to 20 hr at 1200, 1300, and 1400 F and 
oil quenched. The hardness of the specimens was 
determined with a Brinell machine after the Rockwell 
C hardness test proved to be inconsistent. 

Tensile specimens were machined from keel blocks 
or cylindrical bars in the solution annealed condition. 
The machined bars were then aged to maximum 
hardness and tested. 

Each alloy was given a “Go — no go” magnetic 
permeability test at various stages of heat treatment 
with a 1.2 permeability indicator. The area which had 
been deformed by the Brinell ball was tested for 
magnetic permeability to indicate the stability of 
each alloy. The Brinell impressions were at mid- 
radius positions, so the permeability test results were 
not affected by the surface which had been oxidized 
during the solution anneal heat treatment. Oxidation 
during the aging heat treatment discolored the flat 
surfaces of the specimens, but the extent of oxidation 
was insufficient to offset the magnetic permeability 
test. 

DISCUSSION OF RESULTS 

The steels in this investigation may be divided 
into four general classifications based upon chromium, 
manganese, and nickel contents. A listing of the 
four classifications is given in Table 3 showing the 
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composition range of the primary alloying elements. 
The steels in the first three classifications were 
patterned after wrought compositions, which report- 
edly can be precipitation hardened to 0.2 per cent 
yield strengths in excess of 120,000 psi with elonga- 
tions between 13 per cent and 20 per cent, but the 
fourth type of alloy had no wrought counterpart. 


Cr-Ni-P Austenitic Steels 


The Cr-Ni-P group of alloys is essentially an age 

hardenable 18-8 stainless steel. The carbide precipi- 
tation causing a substantial increase in hardness dur- 
ing an aging treatment at 1300 F is promoted by 
phosphorus. Initial experiments with these alloys were 
concerned with determining the proper balance be- 
tween carbon and phosphorus for maximum age hard- 
ening without retention of an excessive amount of 
massive carbides after the solution anneal heat treat- 
ment. The base composition used was: 
%Cr %Ni %Mn %Si %Mo 
175 10.5 0.5 0.5 “05 
with carbon contents: 0.12 per cent, 0.29 per cent, 
0.39 per cent; and phosphorus contents: 0.12 per 
cent, 0.20 per cent, 0.30 percent. For these experi- 
ments the specimens for hardness testing were cut 
from 100 Ib keel blocks poured at 2925 F. The speci- 
mens were solution annealed at 2100 F for 1/2-hr and 
quenched in water. 

Microstructures of the various alloys in the solution 
anneal condition are shown in Fig. 2. Note the large 
grain size and residual coring. Grain boundary car- 
bides and grain boundary cracks can also be ob- 
served. Samples of each composition were age hard- 
ened at 1200, 1250, 1300, and 1850 F with holding 
times extending to 24 hr. It was found that the alloys 
were not sensitive to overaging, and the maximum 
level of hardness was attained within 24 hr at all 
temperatures except 1200 F. 

The relationship between C, P, and hardness is 
shown in Fig. 3. Increasing the phosphorus content 
promoted an increase in hardness at all carbon levels, 
but 0.20 per cent phosphorus appeared to be the 
threshold value for substantial age hardening. A com- 
position with a minimum amount of phosphorus is 
desirable, however, because the phosphorus forms a 
complex eutectic with carbon, chromium, and iron. 
The complex eutectic may promote “bleeding” during 
solidification if the melt contains appreciable amounts 
of nitrogen or hydrogen, or may liquify during the 
solution anneal heat treatment. 

The tensile specimens from these initial steels were 
aged to hardness levels of 230 to 415 BHN. Unfor- 
tunately, the tensile strength and elongation values 
were of little significance because either cracks were 
formed during heat treatment or grain boundary 
carbides (Fig. 2) were present, and the specimens 
fractured in a brittle manner at low loads. 


TABLE 3— CHEMICAL COMPOSITION OF FOUR TYPES OF AGE HARDENING AUSTENITIC STEELS 





Alloy Type 


Composition—% 





Cr Ni 





: 16.5—19.0 8.0—11.0 
2. Cr-Mn 12.0—16.0 _ 
3. Cr-Mn-Ni 4.5— 6.0 5.5— 9.0 
4. Mn-V 0 — 45 2.0— 4.0 
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The base composition of the alloy was then modi- 
fied to increase the stability of the austenite by 
adding 3.5 per cent manganese and eliminating the 
molybdenum addition. Carbon and phosphorus levels 
were maintained at 0.34 per cent and 0.25 per cent 
respectively, and smaller keel blocks, cylindrical test 
bars and plates 1 x 6 x 9-in. were cast. Tensile test 
bars were machined from the castings and heat treat- 
ed to maximum levels of hardness. The highest 
properties were obtained in the keel blocks and end 
sections of the plates. Chromium oxide laps in the 


%C 


0.12 q Top — 
0.29 : Center — 
0.39 . Bottom — 
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cylindrical bars and center sections of the plates 
formed planes of weakness in the test bars. The ten- 
sile properties that were considered to indicate the 
potential merit of the Cr-Ni-P alloy are given in 
Table 4. 

The values presented in Table 4 demonstrate that 
a Cr-Ni-P alloy can be used for castings with mag- 
netic permeability less than 1.2 and yield strengths 
in excess of 100,000 psi. It is believed that the tensile 
properties of this type of alloy can be greatly im- 
proved over those given in Table 4 by further modi- 


%oC %P 


0.12 0.20 Top — 
0.29 0.16 Center — 
0.39 0.21 Bottom — 


Fig. 2—Microstructures of Cr-Ni-P austenitic steels. Solution annealed condition. Marble’s reagent etch. 50X. 
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PERCENT PHOSPHORUS 
Fig. 3—Effect of carbon and phosphorous on the hardness of 
Cr-Ni-P austenitic steel. 


fication in composition, improved foundry practice, 
and optimum heat treatments. The high chromium 
content permitted very little oxidation to occur during 
the solution anneal heat treatment at 2100 F in a 
normal furnace atmosphere. 


Cr-Mn Austenitic Steels 

Manganese substitution for nickel in high chromium 
steels is desirable because of possible limitations in 
the availability of nickel. A high carbon-vanadium- 
12 per cent chromium steel with no nickel has shown 
high strength properties in wrought form following an 
aging treatment of 8 hr at 1300 F.* The following 
properties were reported: 195,000 psi T.S., 160,000 
psi Y.S., 15 per cent El., 22 per cent R.A. Test cast- 
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ings with compositions comparable to that of the 
wrought alloy were made and given an age hardening 
heat treatment. The chemical composition, hardness, 
and tensile properties are given in Table 5. 

Alloy 2 with 0.64 per cent C and 1.5 per cent V 
developed a high hardness level during the aging 
treatment, but it was brittle. With reduced carbon 
and vanadium contents the alloy either contained 
sufficient grain boundary carbides to produce a brittle 
structure (alloy 3) or the alloy had insufficient age 
hardening to meet the proposed requirements (alloy 
4). Figure 4 illustrates the continuous grain boundary 
carbide network, etched dark, that is typical for the 
Cr-Mn type alloys containing sufficient vanadium to 
promote an age hardening reaction. Because of the 
embrittling effect of the carbide network these alloys 
are basically not suitable for castings. 

The possibility of inducing age hardening charac- 
teristics by the use of a phosphorus addition was 
also investigated with the Cr-Mn alloy. Two alloys 
were cast having the following compositions: 


AlloyNo. %Cr %Mn %Mo %C %P BHN Comment 


5 13.1 131 35 25 025 375 
6 139 139 33 55 024 415 


Magnetic 
Excessive 
cracking 


The low carbon alloy (No. 5) had a hardness of 
240 BHN in the solution annealed condition and in- 
creased in hardness to 875 BHN after aging for 16 
hr at 1800 F. This substantial increase in hardness 
demonstrated that phosphorus will promote age hard- 
ening in a high chromium-Mn alloy as it does in a 
Cr-Ni alloy. Unfortunately, the magnetic permeability 
of this alloy was greater than 1.2, which is excessive. 
Alloy 6 with a higher carbon content was nonmagnetic, 
but fine radial cracks developed during machining 
which resulted in very poor mechanical properties, 
67,500 psi T.S. with 0 per cent elongation. Further 
development with the Cr-Mn alloys to eliminate the 
cracking tendency was not pursued. 


Cr-Mn-Ni-V Austenitic Steels 


The composition of this class of alloys was also 
based on wrought compositions which reportedly have 
yield strengths greater than 150,000 psi, and are 


TABLE 4—TENSILE PROPERTIES OF FULLY AGED 
HARDENED Cr-Ni-P AUSTENITIC STEEL, 
ALLOY NO. 1, 17-18. c Cr, 9-10.5% Ni, 3-4% Mn, 

0.25% C, 0.25% P 





TS (psi) YS (psi) 


130,500 124,500 
130,000 120,000 


Age 
Casting Treatment 
Keel block 8 hr— 1350 F 
Keel block 16 hr—1350 F 


l-in. plate 16 hr—1300 F 142,000 113,000 
l-in. plate 16 hr—1300 F 153,000 136,000 


NOTE: Magnetic ory or of all test bars was 
less than 1.2 in the age hardened condition. 








TABLE 5— COMPOSITION, HARDNESS, AND 
TENSILE PROPERTIES OF Cr-Mn AUSTENITIC STEELS 


Alloy 
No. 





A Ts % 
Cr Mn Ni BHN® (psi)®® EL 


2 64 37 160 140,000 1 
8 ‘ ¥ \e 60 110,0 000 3 
Y 241 40 








treatment. 
© © Heat treatment: 2100 F for 1 
1300 F for 16 
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nonmagnetic.* These alloys have chromium contents 
of 5-7 per cent which is much lower than the chromi- 
um contents of the Cr-Ni-P and Cr-Mn alloys. The Cr- 
Mn-Ni-V alloys also contain a balanced amount of 
Ni and Mn for good austenitic stability. Age harden- 
ing is promoted with vanadium and a moderate 
amount of molybdenum. 

Four compositions were investigated for this class 
of alloys to determine the proper balance between 
vanadium and carbon. The compositions, hardness 
values, and tensile properties of the alloys in a fully 
aged condition, are given in Table 6. 

The composition of alloy 7 in Table 6 is essentially 
the same as the composition of a wrought alloy that 
attained 175,000 yield strength with 18 per cent 
elongation after a similar heat treatment. The high 
hardness level of the wrought alloy (44.5 Rc) was 
attained in the castings, but the ductility of the cast 
metal was essentially nil. The rolling or forging oper- 
ations which mechanically redistribute the carbide 
remnants appear to be mandatory for obtaining a 
high-strength, ductile alloy with this composition. 

The compositions of alloys 8, 9, and 10 in Table 6 
were’ modified to improve ductility. The carbon con- 
tent was reduced in alloy 8 from 0.65 per cent-0.28 per 
cent which decreased the maximum hardness in the 
aged condition, but the reduction in hardness was 
not reflected by a comparable increase in ductility 
(0.8 per cent). The vanadium content was reduced 
in alloy 9 from 1 per cent-0.42 per cent. This modifi- 
cation in composition decreased the hardness of the 
alloy in the solution annealed condition, but substan- 
tial age hardening characteristics were maintained and 
the ductility was greatly improved. The tensile prop- 
erties of alloy 9 in the aged condition were 93,000 
psi Y.S., 105,000 psi T.S., and 11.0 per cent elongation. 

Further reduction in the vanadium and carbon 
contents (No. 10) caused the alloy to lose its age 
hardening characteristics. It thus became apparent 
that the vanadium content was the critical carbide 
forming element and that chromium might even be 
detrimental to an age hardening cast alloy because 
of the tendency for chromium carbides to form at 
grain boundaries. Since this class of alloys contained 
a rather high percentage of nickel (7 per cent) further 
research was concerned with a new class of alloys 
which contained a minimum amount of nickel and 
relied primarily on manganese and accompanying 
nitrogen for austenitic stability. 


Mn-V Austenitic Steels 

The Mn-V age hardenable austenitic steels are a 
new class of compositions which were developed as 
a result of the work with the Cr-Mn-Ni-V alloys. Un- 
like Hadfield steels the MnV steels do not depend 
upon carbon as a principle austenite former, and 
carbon is present only in sufficient quantities for ob- 
taining the desired level of hardness during the aging 
heat treatment. Manganese is the principle element 
for promoting austenitic stability in the Mn-V type 
of steel, and for this investigation the manganese 
content ranged from 14 per cent-18 per cent. How- 
ever, a small amount, 2 per cent-4 per cent, of nickel 
was found necessary to stabilize the age hardened 
austenite in plastically deformed areas and maintain 
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TABLE 6— COMPOSITION, HARDNESS, AND TENSILE 
PROPERTIES OF Cr-Mn-Ni-V AUSTENITIC STEELS 


Alloy 
No. Composition — % 








Ni Vv Mo 


85 0.9 3.1 148,000 
¥ ‘ ¥ j \ 845 175 100,000 99,000 0.5 
t . 2 - - . 888 200 105,000 93,000 
2 9. 6.0 . 8.2 0. 155 40 -- -- 
* A BHN = Increase in hardness during the aging 
treatment. 
® © Heat treatment: 2100 F for 1 hr, W.Q.; 
1200 F for 20 hr, 0.Q. 








TABLE 7—COMPOSITION AND TENSILE PROPERTIES 
Mn-V AUSTENITIC STEELS 


Composition — % 
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a magnetic permeability less than 1.2. Nitrogen was 
also present in these alloys and no doubt acted as an 
austenite former, but nitrogen was not given individ- 
ual attention. 

Vanadium was found to be the indispensable car- 
bide-forming element for producing age hardening 
characteristics. The age hardening characteristics of 
an alloy containing a minimum of 0.2 per cent vana- 
dium could be increased by adding molybdenum, 
but molybdenum by itself did not produce a signifi- 
cant response to an age hardening heat treatment. 

Chromium, when added alone, did not induce a 
favorable age hardening reaction, but unlike molyb- 
denum, chromium did not support vanadium in the 
formation of a general precipitate. The age hardening 
characteristics of Mn-V alloys were not affected by 
small amounts of chromium (up to 2 per cent) but 
larger amounts (4 per cent) had a notable softening 
effect. 

The compositions and tensile properties of four 
Mn-V austenitic steels with yield strengths in a fully 
age hardened condition approaching or greater than 
100,000 psi, are given in Table 7. Alloy 15 was included 
with this group of high-strength alloys to illustrate 
the softening effect of chromium. Alloy 15 has a 
slightly lower carbon content than the other alloys, 
but the decrease of 10 points in carbon content does 
not fully account for the change in their age-harden- 
ing characteristics. 

The age-hardening characteristics of the alloys in 
Table 7 are shown in Figs. 5 and 6. Samples of each 
alloy were solution annealed for 1 hr at 2100 F, water 
quenched, and then aged for periods up to 20 hr at 
1200, 1300, and 1400 F. It can be noted that the effect 
of temperature on hardness during the aging treat- 
ment is similar for all of the alloys. The hardness 
increased at a slow, uniform rate at 1200 F and a 
maximum level of hardness was not attained even 
after 20 hr. With aging temperatures of 1300 and 
1400 F the maximum hardness levels of alloys 11, 13, 
and 14, containing 0.33 per cent, 0.70 per cent, and 
0.40 per cent V respectively, were attained in 4 hr. 

Over-aging as reflected by a decrease in hardness 
was not apparent with longer aging periods (20 hr 
at 1300 F) but a definite decrease in hardness was 
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Fig. 5—Age hardening characteristics of Mn-V austenitic steel. 


noted after 8 hr at 1400 F. Even though these alloys 
are not sensitive to over-aging, a temperature of 1300 
F appeared best for aging to maximum hardness 
levels, and temperatures between 1300 and 1200 F 
appeared best for aging to a controlled hardness level. 

The detrimental effect of chromium on the age 
hardening characteristics of Mn-V austenitic steels can 
be seen from a comparison of the hardness curves 
in Figs. 5d and 6. The rate of increase in the hardness 
of the alloy containing 4 per cent Cr (Fig. 6) is 
notably less than that for the alloy containing 2.2 
per cent Cr (Fig. 5d). Since the Cr-Mn-Ni-V steels 
contained 6 per cent Cr and developed high hardness 
levels, the effect of chromium may be related to the 
austenitic stability of the alloy. Increasing the man- 
ganese content beyond 17 per cent or increasing the 
nickel content beyond 4 per cent may permit a higher 
level of chromium to be present without impairing 
the age hardening characteristics of austenitic steels. 


Fig. 7—Typical microstructure of age hardened Mn-V austenit- 
ic steel. BHN = 300. Chromic acid etch. 100X. 
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Fig. 6—Age hardening characteristics of Mn-V austenitic steel 
containing 4 per cent chromium, Alloy 15. 


The tensile properties of the five Mn-V austenitic 
steels heat treated to maximum levels of hardness 
are given in Table 7. The individual effects of the 
carbide forming elements on the age hardening char- 
acteristics of Mn-V alloys is not as apparent from a 
comparison of tensile properties as from a comparison 
of hardness values. Even though heat treating the 
alloys to maximum levels of hardness may not have 
produced the optimum tensile properties, it did serve 
to demonstrate that the Mn-V type of steels are 
capable of attaining greater than 100,000 psi yield 
strengths. 

A typical microstructure of the Mn-V austenitic 
steels in an age hardened condition is shown in Fig. 
7. The grains are quite large, but there are only a 
few scattered carbides at the grain boundaries. Etch 
patterns indicate that precipitation occurred through- 
out the slightly cored grains on certain crystallograph- 
ic planes. 


Solidification Characteristics 

The austenitic age hardenable steels, except the 
Cr-Ni-P alloys which have a low-temperature eutectic, 
solidify as simple solid-solution alloys. The amount of 
eutectic material in the Cr-Ni-P alloys was too small 
to be detected by the technique used to obtain cool- 
ing curves, so only the bulk solidus temperature was 
obtained for this alloy. The liquidus and solidus tem- 
peratures of the various alloys are shown plotted 
against the factor C + 1/8 Si in Fig. 8. Even with 
the wide range of Cr, Ni, Mn, and Mo in the 
various alloys, the scatter is not very great, and for 
alloys with carbon contents between 0.3 per cent- 
0.5 per cent the freezing range was 60-80 F with a 
solidus temperature close to 2500 F. 

The hydrogen content of austenitic steels is receiv- 
ing increased attention by foundrymen from the stand- 
point of its void forming capabilities during solidifica- 
tion. An attempt was made to minimize hydrogen 
pickup during the melting and pouring of the steels 
for this investigation by maintaining a dry argon 
atmosphere in the furnace and oven drying the molds. 
Some shrinkage occurred in test bars, however, which 
was reduced for several heats by purging the melt 
itself with the dry gas before pouring. Excessive 
amounts of dissolved gases are particularly harmful 
in the Cr-Ni-P austenitic steels, since evolution of gas 
during solidification and subsequent solution anneal- 
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ing heat treatment can cause excessive segregation 
of the complex phosphide eutectic and even exuda- 
tion of the eutectic material. 


Machinability 

All of the age hardenable austenitic steels were 
unmachineable in the as-cast condition. Cutting was 
essentially restricted to abrasives. In the solution an- 
nealed condition and age hardened condition sawing 
and turning operations were still difficult, and most 
of the tensile bars were prepared by grinding. 


CONCLUSIONS 


Four types of alloys were investigated for potential 
use as high strength, nonmagnetic steels for castings. 
The following conclusions and recommendations can 
be made on the basis of the data obtained in this 
investigation: 


Cr-Ni-P Austenitic Steels 

1. This type of steel can be cast, solution annealed, 
and age hardened to attain yield strengths (0.2 
per cent) in excess of 100,000 psi. 

2. The composition which developed optimum tensile 
properties was as follows: 

“Cr NI Mn %C “P 

18 10 3.5 0.3 0.25 

8. Maximum hardness was attained with the following 


heat treatment: 


Solution Anneal: 1 hr at 2100F 
Age Hardening: 8 hr at 1350F or 
16 hr at 1300F 


. Ductility evaluated as per cent elongation in a 
tensile test ranged between 1 per cent and 4 per 
cent. 

. Foundry practices should be aimed at minimizing 
the hydrogen content of the metal prior to and 
during casting to avoid excessive segregation and 
possible exudation of the phosphorus constituent 
during solidification and the solution anneal heat 
treatment. 


Cr-Mn Austenitic Steels 

1. An addition of 0.25 per cent phosphorus with 0.8 
per cent C will promote age hardening characteris- 
tics in a manganese substituted 18-8 type austenitic 
steel, but the Cr-Mn-P steels are more prone to 
cracking than the Cr-Ni-P steels. 

. Age hardening can also be induced in Cr-Mn steels 
with vanadium. 

8. Grain boundary carbides are not eliminated with 
a solution anneal at 2100 F. 

. No specific composition for castings can be rec- 
ommended for this type of steel, but base compo- 
sitions containing more than 18 per cent manga- 
nese and 2 per cent nickel are recommended for 
further research. 


Cr-Mn-Ni-V Austenitic Steels 
1. The carbon and vanadium contents of the wrought 
Cr-Mn-Ni-V alloy must be reduced for use in cast- 
ings to obtain a satisfactory level of ductility. 
. The following composition is recommended for use 
in castings to maintain proper balance between 
strength and ductility in an age hardened condition: 


%Cr PNi %Mn %V %Mo %C 
5.7 8 : 0.4 3.3 0.5 











Jt 
2 





| ee GR NAS ee aoa aa 
a | MA: Beale 


%C + 0.3% (%Si) 
Fig. 8—Liquidus and solidus temperatures vs. composition 
factor C + 1/3 Si for austenitic steels. 


8. Further development work with these alloys is 
not recommended since the Mn-V austenitic steels 
have comparable strength levels. 


Mn-V Austenitic Steels 

1. Age hardening characteristics can be induced in a 
manganese stabilized austenitic steel by vanadium. 

2. A minimum of 0.8 per cent vanadium is necessary 
to obtain yield strengths of 100,000 psi. 

8. Molybdenum supports vanadium in the age harden- 
ing reaction, but a minimum of 0.2 per cent vana- 
dium must be present in the alloy. 

. Carbon contents for obtaining high hardness, BHN 
300-400, are 0.3 per cent to 0.5 per cent. 

. Chromium contents should be less than 2 per cent. 

. For austenitic stability sufficient to maintain a mag- 
netic permeability below 1.2, the following mini- 
mum amounts of manganese and nickel are neces- 
sary: 16 per cent Mn and 2.0 per cent Ni. 

. An aging temperature of 1300 F will produce max- 
imum age hardening in a period of 4-8 hr. 

. Aging temperatures between 1200 and 13800 F 
are recommended for control of hardness. 
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FORMATION OF FERRITE AND PEARLITE IN CAST IRON 


By 


G. Ohira* and K. Ikawa** 


ABSTRACT 

The mode of formation of ferrite and pearlite was 
studied in the following alloys: iron-carbon, iron-carbon- 
silicon, and charcoal pig iron. Specimens were cooled 
from the melt to temperatures between the eutectic and 
eutectoid, and quenched. At the eutectoid temperature 
pearlite was nuoleated by cementite which had pre- 
cipitated on cooling after solidification; ferrite crystal- 
lized out on precipitated graphite. Pearlite formation 
was promoted when the iron contained phosphorus or 
tin. Ferrite formation was promoted by manganese. 


INTRODUCTION 


The structure of cast iron is generally composed of 
ferrite, pearlite, and graphite. The subject of graphite 
formation has been extensively treated in the literature 
under the solidification mechanism of cast iron. The 
formation of ferrite and pearlite has received little 
attention, and should be studied as a matter of solid- 
phase transformation. There have been a few investi- 
gations on the latter subject from the standpoint of 
the equilibrium diagram’ of iron-carbon or iron-car- 
bon-silicon, and from the view of isothermal trans- 
formation”, but there is as yet no acceptable descrip- 
tion of the mechanism of formation of ferrite and 
pearlite. 

To supply more information on this subject, a micro- 
structural study was made of various alloys which 
had been cooled from the melt to temperatures be- 
tween the eutectic and eutectoid, and quenched. 


EXPERIMENTAL PROCEDURE 


The following alloys were studied: pure iron-car- 
bon, iron-carbon-silicon, iron-carbon-silicon-manga- 
nese, and commercial charcoal pig iron (4.22 per 
cent C, 0.48 per cent Si, 0.26 per cent Mn, 0.072 per 
cent P, and 0.016 per cent S). Excluding the com- 
mercial iron, the melting stock for the alloys consisted 
of electrolytic iron, electrode carbon, 75 per cent fer- 
ro-silicon, and electrolytic manganese. Some of the 
alloys were also prepared with the graphite in the 
spheroidal form by adding magnesium-copper or mag- 
nesium-silicon-iron to the molten base metal. 

First, the conditions to obtain a matrix of a) pearl- 
ite, b) pearlite with acicular or lump cementite, c) 
pearlite and ferrite, and d) ferrite were investigated. 
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Specimens of the various irons were melted and con- 
tinuously cooled at low rates down to room temper- 
ature. The effect of manganese on the structure was 
also determined in this phase of the investigation. 

Next, the formation mechanism of ferrite and pearl- 
ite was studied. Forty-gram samples were melted in 
a Tammann tube in a furnace at 1350 C and slowly 
cooled to various temperatures within the eutectic- 
eutectoid range, as established by cooling curves. (The 
cooling rate near the eutectoid temperature was 7-10 
degrees/min., or 2-5 degrees/min.) The specimens 
were quenched in cold water and metallographically 
examined. The quenched alloy at each step of cool- 
ing indicated the structure developed at that time 
from which the process of transformation could be 
deduced. The effect of phosphorous and tin was also 
studied in this phase of this investigation. 


EXPERIMENTAL RESULTS 


Preliminary Studies 

The normal structure of cast iron is composed of 
flake graphite in a matrix of ferrite and pearlite. This 
structure was easily obtained in the charcoal pig 
iron, but not in the pure iron-carbon and iron-carbon- 
silicon alloys. 

Three irons containing 2.5, 3.7, and 4.5 per cent C, 
respectively, were melted and 3.5 per rent Si added. 
Each structure consisted of flake graphite in a pearlite 
matrix with not free ferrite evident. Increasing the 
silicon to 4.0 per cent did not change the structure 
of the two lower-carbon irons; however, the struc- 
ture of the iron containing 4.5 per cent C converted 
to graphite and ferrite with no pearlite. Coexistence 
of graphite, ferrite, and pearlite could not be ob- 
tained, even by controlling the cooling rate. 


Effect of Manganese on the Structure 

There have been a few studies made on the effect 
of manganese on the matrix structure. Coe* directed 
attention to the relation between combined carbon 
and manganese. Norbury‘ described similar results 
related to sulfur. Neither investigator considered the 
effect of manganese itself. 

To determine the effect of manganese, pure iron- 
carbon and iron-carbon-silicon alloys were melted, 
deoxidized with 0.1 per cent Al, and alloyed with 
various amounts of manganese. Areal ratios of ferrite 
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Fig. 1 — Areal ratios of ferrite to pear- 
lite, with various amounts of manganese 
added, in carbon-silicon-iron alloys. 


to pearlite, as determined metallographically, are 
shown in Fig. 1. The maximum amount of ferrite was 
obtained at 0.2 per cent Mn. At all manganese levels, 
ferrite, pearlite, and graphite coexisted. 

Similar results were obtained with charcoal pig 
iron to which silicon and manganese additions had 
been made (Fig. 2). Comparison of Figs. 1 and 2 
shows that silicon also influenced the ferrite content, 
and that the amount of ferrite was the same in alloys 
with the same silicon content. 

To investigate the effect of manganese in the pres- 
ence of various amounts of sulfur, the alloys listed 
in Table 1 were melted and manganese added. The 
amount of ferrite in these alloys is shown in Fig. 38. 
Since some manganese was combined with sulfur as 
manganese sulfide, the amount of manganese re- 
quired to obtain ferrite increased with increasing 
sulfur content. 

The reason for the ferrite-forming tendency of 
manganese is not clear. The small amount of avail- 
able manganese could hardly stabilize the carbide, 
but it may possibly promote the diffusion of carbon. 


Formation of Pearlitic Matrix with Acicular Cementite 


The cooling curve and the structure of a furnace- 
cooled alloy containing 3.5 per cent C are shown in 
Figs. 4 and 5, respectively. The matrix is composed 
of graphite and pearlite with acicular cementite. To 
investigate the formation of pearlite and acicular 
cementite, the alloy was quenched from the arrowed 
points in Fig. 4. The corresponding structures are 
shown in Figs. 6-9. 





Fig. 4 — Cooling 
curve of a furnace- 
cooled alloy con- 
taining 3.5 per cent 
carbon. The alloy 
was quenched at 
arrowed points, 


(Fig. 6) <---> 


Temperature (°C) 


(Fig 7) «-----, 











Manganese addition (%) 
Fig. 2 — Areal ratios of ferrite to pear- 
lite, with various amounts of manganese alloys melted and manganese added, in 
and silicon added, in charcoal pig iron. 
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Fig. 3 — Amount of ferrite of various 
presence of various amounts of sulfur. 


TABLE 1—ALLOYS TESTED WITH MANGANESE 
ADDED 





Composition of Irons, % 
Mn 
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Fig. 5 — Structure of a furnace 
per cent C. Picral etch. 130. 


graphite boundary in a 3.5 per cent carbon- 
iron alloy quenched from 990 C. Picral etch. 65%. 
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Fig. 7 — Structure showing acicular cementite as it developed 
following that shown in Fig. 6 for a 3.5 per cent carbon-iron 
alloy quenched at 850 C. Picral etch. 65X. 


Acicular cementite separated from austenite on cool- 
ing along the A. line of the iron-carbon diagram. 
At first, it precipitated on the austenite-graphite 
boundary (Fig. 6), then it developed along the graph- 
ite flake or crossed the austenite to the next graphite 
flake (Fig. 7). Lump cementite was deposited at 
the boundary of the original austenite grains and 
grew on cooling. . 

At the eutectoid temperature, these cementite par- 


Fig. 9 — Structure showing cementite and pearlite in matrix 
of a 3.5 per cent carbon-iron alloy quenched from the mid- 
dle of the eutectoid reaction. Picral etch. 130. 
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Fig. 10 — Cooling 
curve of Fe — 3.8 
per cent C — Si al- 
loy. The alloy was 
quenched at ar- 
rowed points. 


os @ 
ss 
T T 
(Fig 12) 


Temperature (°C 
~ 
w 
o 








nl l 
20 30 
Time (min) 





Ferrite and Pearlite Formaticn 


for 
pearlite formation for a 3.5 per cent carbon-iron alloy 
quenched at the beginning of the eutectoid reaction. Picral 
etch. 130X. 


ticles became nuclei for pearlite formation (Figs. 8 
and 9), and the pearlite spread and covered the en- 
tire matrix. 


Formation of Pearlite Matrix 

The structure of an alloy containing 3.5-3.8 per 
cent C and 8.0-4.0 per cent Si consisted of graphite 
and pearlite. The cooling curve of the alloy contain- 
ing 3.8 per cent C and 3 per cent Si is shown in 
Fig. 10. The microstructures obtained by quenching 
from the arrowed points in Fig. 10 are shown in 
Figs. 11-13. 

After eutectic solidification was complete, lump 
cementite particles precipitated at the boundaries of 
austenite grains on cooling (Fig. 11), part of which 
graphitized concurrently (Fig. 12). At the eutectoid 
temperature, pearlite was nucleated by the cementite 
and spread (Fig. 13). If the cementite had decom- 
posed to graphite and austenite before eutectoid tem- 
perature, austenite would have transformed first to 
fine pearlite at eutectoid temperature and served as 
nuclei for pearlite transformation (Fig. 14). 


Formation of Ferrite and Pearlite 
A matrix of ferrite and pearlite can be obtained 


Fig. 11 — After eutectic solidification, lump cementite particles 
precipitated at the boundaries of austenite grains at cooling 
for the Fe-3.8 per cent C-3.0 per cent Si alloy quenched 
from 1020 C. Picral etch. 300. 
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in iron-carbon-silicon-manganese and charcoal pig 
irons. 

To study the formation of these constituents, one 
per cent Si was added to charcoal pig iron to promote 
ferrite formation. The structures obtained by quench- 
ing from temperatures between the eutectic and eu- 
tectoid are shown in Figs. 15-19. 

After solidification, thin incompletely formed graph- 
ite began to precipitate at the edge of flake graphite 
containing austenite (Fig. 15). The incomplete graph- 
ite continued to precipitate during cooling and the 
austenite contained with the graphite was gradually 
replaced by graphite (Fig. 16). Graphite precipita- 
tion during cooling occurred along the Ag, line of the 
iron-carbon diagram. 

At the eutectoid temperature, ferrite was nucleated 
and developed at the points of incomplete graphite 
(Fig. 17). When the silicon content was high, ferrite 
developed and covered the matrix. If the silicon con- 
tent of the alloy was low, pearlite formation was 
observed (Fig. 18). A,,.-separation around graphite 
flakes and A,.m-separation on austenite boundaries 
occurred simultaneously during cooling. Occasionally, 
pearlite nucleated at the boundary of separated ferrite 
and untransformed austenite (Fig. 19). 


¢ 


Fig. 12 — Part of the cementite and austenite graphitized 
concurrently for the Fe-3.8 per cent C-3.0 per cent Si alloy 
quenched from 980 C. Picral etch. 600X. 


Fig. 13 — Pearlite was nucleated by the cementite and spread 
when Fe-3.8 per cent C-3.0 per cent Si alloy was quenched 
at the beginning of the eutectoid reaction. Picral etch. 600%. 
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The cooling curve of the alloy containing both 
ferrite and pearlite showed a breaking and an arrest- 
ing point, while. the alloy containing solely ferrite 
showed only a breaking point (Fig. 20). In Fig. 20, 
ferrite precipitates from “a” to “b”, and pearlite from 


Fig. 14 — Had the cementite decomposed to graphite and 
austenite before eutectoid temperatures, the austenite would 
have transformed to fine pearlite at eutectoid and served as 
nuclei for pearlite transformation for the Fe-3.8 per cent C- 
3.0 per cent Si alloy quenched at the beginning of the eutec- 
toid reaction. Picral etch. 600X. 


\ xz 
Fig. 15 — Sinaia of charcoal pig iron quenched at the end 
of the eutectic reaction. Picral etch. 600. 


Fig. ae ee 
C. Picral etch. 130X. 





Fig. 17 — Structure of charcoal pig iron with 1 per cent 
silicon added quenched at the beginning of the eutectoid 
reaction. Picral etch. 65. 

“b” to “c”. The amount of ferrite was related to the 
temperature difference between “a” and “b”. 


Effect of Phosphorus and Tin on the Matrix 

When the alloy contained phosphorus, steadite 
crystallized on the austenite grain boundaries at the 
end of solidification. At the eutectoid temperature the 
steadite acted as nuclei for pearlite formation, as did 
the lump cementite at the austenite boundaries. Fig- 
ure 21 shows the formation of pearlite around the 
steadite. 


Fig. 19 — Structure of charcoal pig iron with 1 per cent 
silicon added quenched from the middle of the eutectoid 
reaction. Picral etch. 240X. 





Fig. 20 — Cooling 
curves of the alloy 
indicating the for- 
mation of both fer- 
rite and pearlite. 
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Ferrite and Pearlite Formation 


Fig. 18 — Structure of charcoal pig iron with 1 per cent 
silicon added quenched from the middle of the eutectoid 
reaction. Picral etch. 270X. 


In the manufacture of black heart malleable iron, 
tin is used to accelerate the first-stage graphitization, 
and retard the second stage. To study its effect in 
gray iron, tin additions were made to charcoal pig 
iron at various silicon levels. As shown in Fig. 22, 
tin was extremely potent in reducing the ferrite 
content. Quenched specimens of tin-bearing irons 
showed a new phase at the austenite boundaries from 
which pearlite nucleated (Fig. 23). It is not known 
whether this phase is stannid or some other carbide 
containing tin. It appeared in a specimen containing 
more than 1.5 per sent Sn and increased with tin 
content. The specimen was etched white with 5 
per cent picral, and brown with a solution of potas- 
sium hydroxide and potassium ferricyanide. 


Formation of Ferrite and Pearlite in Spheroidal 
Graphite Iron 

The matrix of spheroidal graphite cast iron general- 
ly consists of pearlite and graphite surrounded by 
ferrite. The quenching studies carried out with this 
material gave similar results to those obtained with 
normal flake graphite cast iron (Figs. 24-26). 

Graphite precipitated as spheroidal graphite along 
the A,, line of the iron-carbon diagram on cooling 


Fig. 21 — Structure of charcoal pig iron with 1 per cent 
silicon added quenched from the middle of the eutectoid 
reaction and showing steadite nucleating pearlite. Picral plus 
KOH solution of Ks Fe (CN)g etch. 360X, 
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Fig. 22 — Curves 
showing ferrite vs. 
tin content. 
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below the eutectic temperature. At the eutectoid tem- 
perature, ferrite was nucleated and developed as 
shown in Fig. 24. Cementite separated along the Acm 
line on cooling and acted as nuclei for pearlite forma- 
tion at the eutectoid temperature (Fig. 25), particu- 
larly at the boundaries of original austenite. In some 
cases, pearlite formation occurred at the boundary of 
ferrite and austenite (Fig. 26). The mechanism was 
entirely the same as that with flake graphite cast iron. 

Formation of ferrite and pearlite in cast iron with 
undercooled graphite was also investigated and found 
to be similar to flake- and spheroidal-graphite irons. 
Ferrite formation was promoted by undercooled 
graphite most, spheroidal next, and flake graphite the 
least. 


SUMMARY 

The formation of ferrite and pearlite in cast iron 
was investigated with specimens of iron-carbon, iron- 
carbon-silicon (flake and spheroidal), iron-carbon-sili- 
con-manganese, and charcoal pig iron. The specimens 
were melted and quenched after cooling to, tempera- 
tures between the eutectic and eutectoid tempera- 
tures. 

The following conclusions were made, based on met- 
allographic examination: 

1. It is difficult to get a matrix in which both ferrite 
and pearlite are found in pure iron-carbon and iron- 
carbon-silicon alloys, unless a small amount of man- 
ganese is added. 


_ Pe 
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Fig. 23 — Structure of Fe—4.0 per cent C—1.5 per cent Sn 


alloy quenched at the beginning of the eutectoid reaction. 
Picral plus KOH solution of Kz Fe (CN), etch. 600X. 


« €2 Se ; ate Mg = 
Fig. 24 — Structure of Fe—4.4 per cent C—2.4 per cent Si 
alloy with Mg added quenched at the beginning of the 
eutectoid reaction. Picral etch. 240X. 


2. Acicular or lump cementite in the iron-carbon alloy 
is precipitated along the A,., line of the iron- 
carbon diagram. At the eutectoid temperature, 
pearlite is nucleated by cementite. Acicular ce- 
mentite appears on the boundaries of flake graphite 


Fig. 25 — Structure of Fe—4.4 per cent C alloy with Mg 
added quenched at the beginning of the eutectoid reaction. 
Picral etch. 130X. 


Fig. 26 — Structure of Fe—4.4 per cent C—1.0 per cent Si 
alloy with Mg added quenched from the middle of the 
eutectoid reaction. Picral etch. 320. 
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and austenite; lumpy cementite appears on those 
of austenite. 

. In an iron-carbon-silicon alloy containing 3-4 per 
cent silicon, the lump cementite which precipi- 
tates on the austenite boundaries decomposes to 
graphite and austenite on cooling. At the eutectoid 
temperature, the austenite transforms first to fine 
pearlite, and then the pearlite or residual cemen- 
tite nucleates normal pearlite in the austenite 
matrix. 

. Frequently, both ferrite and pearlite are seen in 
iron-carbon-silicon-manganese alloys or in commer- 
cial pig iron. Thin flake graphite precipitates on 
cooling, following the precipitation of the original 
flake graphite along the Ag, line. Ferrite crystallizes 
out on the graphite at the eutectoid temperature 
and is followed by pearlite formation. Pearlite ap- 
pears at the boundary of ferrite and austenite, or 
at austenite boundaries. 

. The cooling curves of irons which contain both 
ferrite and pearlite indicate breaking and arrest- 
ing points. The former corresponds to ferrite for- 
mation; the latter to pearlite formation. 

. Pearlite is nucleated by steadite. 


Ferrite and Pearlite Formation 


. Iron containing a small amount of tin promotes 


pearlite and inhibits ferrite. Irons containing more 
than 1.5 per cent Sn crystallize out some angular 
particles at the end of the eutectic reaction, 
which have strong powers of pearlite nucleation 
at the eutectoid temperature. 


. In spheroidal graphite cast iron, or in undercooled 


graphite iron, the formation mechanism of ferrite 
and pearlite is the same as that with flake graph- 
ite. Ferrite formation is promoted most in under- 
cooled graphite iron, less in spheroidal, and least 
in flake graphite iron. 


REFERENCES 


. K. Iwase: Special Report of Technical Committee, Nihon 


Kinzoku Gakkai (1948) (In Japanese). 


. A. Boyle, “The Pearlite Interval in Gray Cast Iron”, AFS 


Transactions, Vol. 48, pp. 531-578 (1941). 


. H. I. Coe, “Manganese in Cast Iron and the Volume 


Changes during Cooling”, Journal of the Iron and Steel 
Institute, vol. 82, pp. 105-148 (1910). 


. A. L. Norbury, “Manganese in Cast Iron”, Foundry Trade 


Journal, vol. 41, pp. 79-83 (1929). 


. Goerens u. Ellingen, “Uber den Einfluss des Antimons und 


Zinns auf das System Eisen-Kohlenstoff,” Metallurgie, vol. 
7, pp. 72-79 (1910). 





ALUMINUM MELTING PRACTICE IN THE 
DIE CASTING AND PERMANENT MOLD FIELDS 


By 


J. P. Moehling* 


INTRODUCTION 


During the past 10 years the metal-working indus- 
try has shown a tremendous upsurge on a world- 
wide basis. The growth in the volume of aluminum 
die castings and permanent molds has been phenom- 
enal, and its pace has outdistanced all other casting 
techniques in this growth. The growth and wider ap- 
plication of aluminum has introduced many demands 
on the die-casting and permanent-mold industry as 
well as the furnace manufacturer. Where previously 
the users of castings were satisfied with fairly simple 
shapes and existing standards of surface finishing, 
today design requirements have introduced the de- 
mand for many complicated structures, and the sur- 
face finish in most cases is of utmost importance. High- 
er physical properties and quality control have be- 
come absolute necessities. 


ALUMINUM ALLOY USES 


The tremendous increase in the use of aluminum 
in the form of cast aluminum alloy products has been 
accompanied by the need for larger capacity, faster 
melting, and more economical melting and holding 
furnace equipment. This metal is replacing many tra- 
ditional materials, which have been used for years 
and years, because of its weight advantage and cer- 
tain of its excellent physical properties. Machinery, 
hardware, automobiles, and the electrical fields, have 
offered the greatest growth to aluminum. Fields in 
which aluminum should continue to grow even more 
rapidly are the construction field, electrical field, auto- 
motive field, as well as the can industry. There is little 
reason to believe that the use of aluminum will do 
anything but increase in the years to come. The 
transportation industry, of course, is another excellent 
field of growth, as is practically any industry where 
a weight factor is to the advantage of the over-all 
cost of operation of the product. 

The recent introduction of the vacuum die-casting 
machine makes the growth of aluminum even more 
certain. This process, while still in the early stages 
of development, as far as aluminum is concerned, 
opens up new horizons to the die-casting technique. 


*The Stroman Furnace & Engr. Co., Franklin Park, Ill. 
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The designer has more leeway in integrated, compli- 
cated casting designs which formerly required individ- 
ual castings and subassembly work. The permanent- 
mold and forging field can now be penetrated due 
to higher physical properties available. New applica- 
tions will certainly ensue, due to the possibilities of 
heat treatment and plating operations at higher tem- 
peratures. The possibility of casting low silicon alloys 
opens up a whole new field for anodized castings 
which will compete with sheet and extrusions. Compe- 
tition will become stiffer between stampings and die 
castings, due to favorable economies of the vacuum 
die-casting technique applied to die casting. 

When die castings and permanent molds were 
instigated, there were very few applications which 
required any particularly great quantity of aluminum 
for one particular casting. Today we have permanent- 
mold castings in the range of 1,500 lb to 2,000 Ib each. 
Die castings range as high as 75 lb each, with a 
possible rate of casting of 30 shots to the hr, making 
an hourly requirement of approximately 2,150 Ib. 
Present experimenting is along the line of casting 
complete automobile motor blocks, which will still 
increase present requirements. So, you see, aluminum 
requirements have grown from a few lb per hr on 
up to one ton or more per hr. Consequently, new 
furnace designs have been introduced at every stage 
to satisfy the melting and holding requirements as 
they presented themselves. 


ALUMINUM PROPERTIES 


The melting point of pure aluminum is 1215 F. The 
heat of fusion is 169 BTU’s per lb, and the specific 
heat is 0.26 (when metal is just above the melting 
point). Aluminum is seldom used in its pure form 
and is generally alloyed with other metals or ele- 
ments, such as copper, silicon, manganese, magnesi- 
um, nickel, zinc, etc. Melting points and heats of 
fusion, of course, would vary slightly with the various 
commercial alloys utilized. 

Every element has certain physical, chemical, and 
heat conductivity properties which cannot be ignored. 
For example, aluminum has a tendency to combine 
with almost every known element in common use. 
Aluminum readily combines with oxygen to form alu- 
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minum oxides. This oxidation problem increases with 
metal temperature increases. The specific gravity of 
aluminum and of the aluminum oxides formed are 
very closely related. Considerable care, therefore, is 
required to separate the oxide formations from the 
aluminum bath. The best condition for this separation 
is to maintain as quiet a bath as possible. 

When aluminum is melted in a refractory-lined 
furnace there is a tendency for an oxide buildup to 
take place at the metal line or slightly above the 
metal line. This buildup must be removed daily while 
the refractory lining is hot, and must never be al- 
lowed to remain while cooling the refractory. Once 
the refractory has been cooled with this buildup 
present, there is a definite bond formed between the 
refractories and the aluminum buildup which causes 
a more or less permanent deterioration of the refrac- 
tories and reduces the refractory’s ability to resist 
penetration. 


Iron Absorption 

Aluminum has a tendency to absorb iron, there- 
fore, considerable care is required when melting alu- 
minum in iron-pot furnaces. These iron pots must be 
washed with a suitable coating regularly so that alu- 
minum does not remain in contact with the iron-pot 
surface. Other care must be taken also in the opera- 
tion of the pot furnace itself. It has been the experi- 
ence of the author’s company that variations in tem- 
perature increase the action between aluminum and 
iron considerably. For example, should a bath of alu- 
minum be allowed to freeze in the iron pot over a 
weekend, and then heat is applied to the iron pot to 
bring the aluminum into solution, considerably more 
iron pickup would occur at this period than during 
the entire day when metal is added and taken away 
from the furnace. Also, if molten aluminum is held 
more or less stagnant for long periods at a time in 
iron pots, there is a tendency for considerable more 
iron solution. 


Gas Absorption 
Aluminum has a tendency to absorb certain gases, 
of which hydrogen is the most troublesome. The abil- 
ity of the aluminum to absorb hydrogen increases 
with the temperature of the metal. The absorp- 
tion rate is comparatively low when the metal is 
held slightly above the heat of fusion point. When 
metal temperatures approach 1400 F, however, this 
absorption ability is almost double. The absorption 
ability 1 :s23 rapidly above 1400 F. 
Sources of hydrogen can be narrowed down to 
three possibilities. 
1. Moisture may exist on the ingot or scrap metal be- 
ing charged into the bath. 
2. The atmosphere has a certain amount of humidity. 
3. Water vapor is produced in the combustion process. 
This water vapor; if allowed to enter the bath, will 
break down into hydrogen, and the oxygen will 
be released to burn or form aluminum oxide. The 
hydrogen generally is absorbed by the metal and 
is held in solution. 
The first of these sources of hydrogen pickup, main- 
ly the moisture on the metal charge itself, can be 
easily overcome by preheating the metal up to approx- 
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imately 900 F. The second source, namely, the hu- 
midity of the atmosphere, will vary considerably 
throughout the year and has always been a prob!-m 
in casting operations. There have, in recent years, 
been some steps taken to control the humidity in 
the casting and melting room. This, of course, is an 
expensive operation and many years will pass before 
this becomes common practice, if ever. The natural 
formation of moisture in combustion products can be 
overcome to a great extent by proper design and ap- 
plication of burner equipment, so that the flame itself 
does not upset the surface of the bath and break the 
oxide coating which is naturally formed on the bath. 
The oxide coating formation on the bath, we have 
always believed, is helpful and acts as a deterent 
to gas absorption if not broken. 

Hydrogen rate of absorption depends ‘a great deal 
upon the alloying elements used in the aluminum. 
Magnesium alloys, for example, have considerably 
more desire for hydrogen absorption than non-mag- 
nesium alloys. 

Dissolved hydrogen can be satisfactorily removed 
from molten aluminum by the application of certain 
tried and proved techniques. 


FLUXING ALUMINUM 


Dry nitrogen and chlorine are the most effective 
fluxing agents utilized on aluminum. When using the 
latter, however, certain safeguards must be employed, 
since it is both toxic and corrosive. The method of 
fluxing is simply to bubble nitrogen or chlorine through 
the molten metal bath, thereby causing an artificial 
boil which tends to release the dissolved gas. It is the 
opinion of the author’s company that the chlorine gas 
flux is the better of the two, and certainly requires 
less time to do a thorough fluxing job, even though 
precautions are required to prevent ill effects on the 
peopie working around the furnace. 


POROSITY IN ALUMINUM 

Porosity is the result of hydrogen and other gas 
pickup left in or expelled from the castings when 
they solidify. It has been more or less proven in the 
case of die casting that at least 50 per cent or more 
of the porosity in the die castings is due to air 
entrapment in the die itself when pressure and chill- 
ing occur to form the casting. The nature of the 
casting process, except in the vacuum-casting tech- 
nique itself, does not allow for the air in the die 
to escape completely. This air is trapped in the casting 
along with the hydrogen. In examining castings made 
with the vacuum-casting process, and those made with 
normal casting processes, it is quite evident that 
porosity in die casting is, to a great extent, caused 
by air entrapment. Hydrogen gas that is trapped has 
been placed under great pressures and, therefore, has 
been forced into more or less minute pockets. There 
is no chance for release of this gas. Excessive poros- 
ity and blistering becomes evident only when the 
casting is put under considerable heat for testing or 
for plating purposes. 

Permanent-mold and sand castings are cooled much 
slower than die castings and, therefore, the tendency 
exists for the hydrogen gas to evolve from the molten 
metal as the casting solidifies. From a visual inspec- 
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tion standpoint this leaves porosity evident immedi- 
ately and, therefore, greater care is zequired to insure 
gas-free molten metal when casting permanent molds 
and sand castings as compared to die castings. 

Good housekeeping, of course, is the only solution 
for keeping buildup, formed at the metal line in re- 
fractory-lined furnaces, from entering the molten bath. 
The author’s company believes the avoidance of en- 
trapment of oxides is a matter of good access to the 
interior of the furnace and good operating control. 
The stillness of the bath, of course, is a great aid in 
allowing oxides to float on top, or deposit on the 
bottom of the furnace, leaving the molten metal clear 
of oxide. The company has noted that segregation 
appears to be a factor of chilling of the bath. 

When a bath of molten metal is chilled by feeding 
an ingot into the bath, there is a tendency for the 
heavier alloying elements to segregate. The best 
solution to the segregation problem is to use holding 
furnaces and charge them with hot metal.. Tempera- 
ture control of the molten metal, of course, is another 
important function, which must be closely watched 
in order to prevent segregation. 


ALUMINUM MELTING FURNACES 
Unlike the zine die-casting field, the aluminum 
permanent-mold and die-casting fields have a great 
many more varieties of furnaces available for use in 
melting and holding operations. Operations generally 
consist of separate holding furnaces at the machine, 
combination melting and holding furnaces at the ma- 
chine, and separate melting-furnace equipment for 
hot-charging or pigging operations. There is a variety 
of furnace types available. They may be divided into 
three general classifications. 
1. Indirect fired furnaces, muffle type, gas or oil fired. 
a. Iron-pot furnace with exterior flue for exhaust- 
ing combustion gases. 
b. Crucible furnace with exterior flue for exhaust- 
ing combustion gases. 
2. Direct fired furnaces, gas or oil fired. 
. Crucible furnaces, not sealed in—combustion gas- 
es passing over the bath. 
. Single chamber reverberatory furnaces of the 
non-stack charging type. 
. Singie-chamber reverberatory furnaces of the 
stack charging type. 
. Double-chamber melting and holding furnace. 
. Continuous type dry hearth melting and hold- 
ing furnace. 
3. Electric furnaces. 
a. Electric induction furnace. 
b. Electric resistance refractory lined single-cham- 
ber furnace. 
c. Electric resistance crucible and iron-pot furnace. 


IRON-POT FURNACE 

Temperatures involved in melting and holding alu- 
minum are anywhere from 1020 F on up to approxi- 
mately 1600 F. While these operating temperatures 
are somewhat higher than those utilized for zinc, the 
iron-pot furnace has proven very satisfactory in alu- 
minum die-casting operations. 

The iron-pot furnace was one of the earliest utilized 
in the aluminum die-casting and permanent mold field. 
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The many new furnace innovations which have since 
been introduced on the market, however, have, to a 
wide extent, replaced the iron-pot furnace. 

The iron-pot furnace is different from any other 
furnace design on the market. First of all, the iron 
pot and the molten metal are all supported on the 
refractory lining side walls of the furnace. The cru- 
cible furnace, reverberatory furnace, and induction 
furnace all support the pot and/or metal load on the 
hearth of the furnace. Second, the iron-pot furnace 
incorporates considerably more combustion space than 
crucible melting furnaces. Depending upon the cru- 
cible furnace design, generally a space of 4 in.-7 in. 
is left underneath the crucible. A base block, of course, 
is used to support the crucible and must be approxi- 
mately 4 in.-7 in. high. In the iron-pot furnace design, 
the space under the iron pot generally varies from 
10 in.-15 in. and no supporting base block is required. 
The space around the pot, that is, between the pot 
and the side walls of the furnace, is also much more 
generous than that used with the crucible furnaces. 

Heat conduction through an iron pot is much more 
rapid than through a crucible furnace, therefore, the 
heat input requirement of an iron-pot furnace is some- 
what less than that required for a crucible furnace. 

Iron-pot furnaces generally incorporate an exterior 
flue to vent the combustion gases. In addition, good 
iron-pot furnace design would utilize a split steel ring 
cover on top of the furnace, including rest pins for 
the steel pot. The steel cover protects the refractories 
from abrasion when alloying and ladling. The divi- 
sion of the steel cover into several sections allows 
room for the cover to expand and contract under tem- 
perature changes involved. 

The rest pins, which are generally 3/8-in.-1/2-in. 
high, depending upon the size of the furnace, raise 
the pot sufficiently to allow for uniform flow of heat 
on the underside of the flange of the pot. If this 
flow of heat is not allowed to take place, stresses are 
set up in the pot due to uneven temperatures, and 
earlier pot failure than normal may well be the 
result. 


Iron-Pot Life 

Iron-pot life, when melting in an iron-pot furnace, 
will vary, depending upon the care given to the 
pot and to the cleaning of the furnace. The pot 
should be cleaned thoroughly and regularly so that 
buildup is not allowed to remain at the bottom. Such 
buildup, if allowed to remain, acts as an insulation, 
and sooner or later the underside of this section of 
the pot becomes overheated because it cannot trans- 
fer its heat as rapidly to the inside of the pot. Over- 
heating of the bottom section of the pot sets up 
stresses and strains which cause early cracking and 
failure of the pot. 

In recent years, iron pots have been aluminized 
to prevent oxidation. As I understand it, the coating 
on the outside has generally added to the pot life. 
Coating of the inside of the pot is also good protec- 
tion and should be done regularly with washes avail- 
able. 

A third aid in obtaining optimum pot life is to 
keep the burner ports, hearth, and side walls of the 
furnace clean at all times. Any deflection can cause 
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the flame to play on the pot, which will cause a hot 
spot and early pot failure. 

Pots should be repositioned at least once a week so 
that the relation of the burners is changed, and no 
one section of the pot remains in one position to 
receive the constant brunt of a possible hot flame. 
Flame adjustment is of utmost importance. Combus- 
tion products should be on the slightly reducing side 
at all times. An oxidizing flame will rapidly oxidize 
the iron pot and reduce pot life. In analyzing flue 
gases, no oxygen should be present. Depending upon 
the original gas analysis, the CO2 content will approx- 
imate 10 per cent-11-1/2 per cent. CO should be 
jess than 1 per cent for proper atmosphere control. 

Pot life is variable in all plants. Some die casters 
set a time limit, at which time they pull the pots, re- 
gardless of condition. This is done in hopes of avoid- 
ing pot failure when a full charge of metal is in the 
pot. Others inspect the pot regularly, which should be 
done regardless of procedure, and use the pot until 
it reaches a certain stretch point and/or a certain 
thinness of wall section. On melting applications, two 
months pot life is not uncommon. 

If an iron-pot furnace is used at the die-casting 
machine, strictly for holding purposes, and is properly 
cared for, pot life should approximate three to four 
months. 


Gas Pilot And Nozzle Care 

One item of concern which has been noted in most 
die-casting plants is the poor care given to gas pilots. 
Pilots are left hanging on the furnace in any fashion, 
and the pilot flame is allowed to play on the furnace 
shell, burner plate, and gas-air piping system. The 
flame is generally over-generotis which causes, first 
of all, a waste of gas fuel. Second, the destruction 
of burner nozzles, burner plates, and shell sections is 
extremely high. Working conditions around the fur- 
nace are considerably warmer, much more dangerous 
to the operator, and a continual fire hazard is present. 

A second item of concern on gas- and oil-fired fur- 
naces is improper maintenance of the burner port 
and the uncleanliness of the burner nozzles. When 
burner ports are not properly maintained, gas can 
get behind the refractory lining between the shell 
and the lining itself and start to burn. This causes a 
hot spot on the shell, early failure of the shell, and 
still more severe damage to the rest of the furnace 
refractory lining. 


Slag Hole And Flue Care 

Slag holes and flue sections receive considerable 
flame erosion and must be kept in good repair. The 
iron pot should be removed from the furnace at least 
once every week so that burner ports, flues, and slag 
holes can be cleaned, checked, and repaired. Cracks 
in the refractory lining itself should also be patched. 
Burner ports which have restrictions reduce the flow 
of gas and upset combustion conditions, in addition 
to diverting the flame itself directly to the pot or 
some spot on the refractory lining. 

Furnace life and refractory life is excellent when 
good maintenance is practiced. 

While the author has seen refractory linings fail 
in a year or less, this is due, in most cases, to negli- 
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gence. With good maintenance practice there is no 
reason why refractory life should not be in the neigh- 
borhood of two to three years. Still longer life has 
been experienced. 

There is no excuse for furnace shell failure. Burner 
nozzles, however, are made of cast iron and are 
under more or less constant heat. These will tend to 
erode and deteriorate and should be replaced on the 
average of once a year. The nozzle opening size 
should be checked during routine patching. If the 
opening changes very much, it affects the vacuum 
which senses the amount of gas and air pulled through 
the mixer. 


Zero Governor Care 

Another part of the burner equipment which needs 
attention from time to time is the zero governor. This 
governor has a neoprene diaphragm in it which acts 
to zero the governor. The diaphragm tends to dry 
out from the heat. When leakage of gas is noted it 
must be replaced with the main burners shut off. 

Many different size pots are used in the die cast- 
ing industry. There has never been any standardiza- 
tion on pots. Consequently, furnaces were built around 
existing pot patterns. Furnaces have been developed 
for many different pot sizes, however, standard lists 
of iron pots generally cover only those which have 
found the widest acceptance. If the precise pot you 
plan to use is not listed in any of the manufacturer’s 
bulletins, this does not mean that it is not available. 
Ask the manufacturer to quote you on a furnace to 
fit the pot dimensions. I am sure he will be able to 
supply you with a suitable furnace. 


Fuel Consumption 

Fuel consumption, of course, varies with the size 
pot used. The larger the pot capacity, the better 
the fuel consumption. Iron-pot furnaces are generally 
designed to turn over their bath approximately once 
every three hr when used as a melting and holding 
furnace, therefore, the hourly output of an aluminum 
iron-pot furnace will approximate one-third its bath 
capacity. When melting and holding, for example, a 
600 Ib aluminum bath capacity pot should turn over 
approximately 200 lb of aluminum per hr. In die- 
casting operations, a heel is generally left in the pot 
to rebuild the bath, except when the furnace opera- 
tion is approaching the end of the day and the furnace 
is to be drained. 

These furnaces are generally set up for a maximum 
BTU input of 3,000 BTU’s per lb of melting capacity. 
In actuality only 80 per cent of this input is required. 
The remainder of 20 per cent is used to give you a 
quick startup when building up the bath from a cold 
furnace. For strictly holding furnace operations, we 
generally figure on 40 per cent of the input used for 
melting, which would be 1200 BTU’s per Ib of metal 
held. In actuality, fuel consumption during holding 
operations would fall between 750 BTU’s and 1,000 
BTU’s per lb. 

Metal losses in iron-pot furnaces, when melting in- 
got, approximate 1 per cent. When melting gates and 
risers, and scrap castings, these losses would be in- 
creased slightly and would approximate 2 per cent-3 
per cent. Flashings would introduce a still higher 
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loss approximating 8 per cent-10 per cent. The over- 
all loss, when melting die casting returns and ingot, 
would approximate 8 per cent-4 per cent. 

Various considerations determine the type of fur- 
nace utilized. If an alloy is being run where iron 
pickup is a problem and iron tolerances are very 
low, considerable care must be taken to prevent iron 
pickup. This can be prevented partially through prop- 
er use of special coatings on the iron pots or by use 
of crucible or refractory-lined furnaces. In the case of 
high magnesium alloys which are prone to silicon and 
gas pickup, special refractories low in silicon or spec- 
ial coatings are required. 

While iron furnaces were used almost exclusively 
at the start of aluminum die casting and permanent 
molding, the shift has been away from these pots, due 
to greater iron control requirements. Iron-pot furnaces 
are still used extensively and are an economical meth- 
od of operation from the standpoint of initial invest- 
ment and operating cost. ~ 

For many years the smelter has purposely kept the 
iron content of aluminum alloys very low so as to allow 
for some iron pickup when melting in iron pots, and 
still keep the alloy in proper ratio as far as iron con- 
tent is concerned. In recent years when iron-pot fur- 
naces have not been used and consequently no iron 
pickup has occurred, this reduced iron content in the 
alloy has created some difficulty. Iron content held 
within the proper range is helpful and in many cases 
necessary. It has been necessary for some die casters 
using non-iron-pot furnaces to add a slight amount of 
iron so as to raise the iron content of the original 
alloy. 


CRUCIBLE FURNACE 

The crucible furnace was brought into use because 
of iron pickup, fluxing operations, and higher temper- 
ature applications. This furnace design offers the same 
flexibility that the iron-pot furnace offers, in that 
alloy changes are made easily by changing pots 
should contamination be a problem. In addition, cru- 
cibles can be used on all aluminum alloys. In the 
case of pure aluminum the crucibles are generally 
given a special alumina spun coating, although this is 
not an absolute necessity. This is an excellent fur- 
nace for holding purposes, and in many cases for 
melting and holding (the latter especially on mag- 
nesium alloys where gas pickup tendencies are avail- 
able and considerable fluxing is required). 


Operating Costs 

The cost of operation is somewhat greater than 
that of iron-pot furnaces. Fuel consumption would be 
approximately 20 per cent greater. Initial furnace cost 
is somewhat greater, and crucibles are slightly high- 
er in initial cost. Crucible replacement cost is a little 
higher than that of iron pots. 

Crucible output is generally one-third of its bath 
capacity when used as a melting and holding fur- 
nace. When used as a strictly holding furnace, it can 
turn over its bath as many times as you wish, as long 
as the metal being brought over is held close to 
casting temperatures. 

Crucible life, when used in holding operations, 
would approximate three-four months. When used 
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for melting and holding, life expectancy will decrease 
to 30-60 days. Actual fuel consumption when melting 
in a crucible would approximate 2800 BTU’s per lb. 
Holding operations would require one-third to one- 
half of this amount per lb of metal held. Muffle-type 
furnaces generally add 15-20 min to a heat of metal, 
as compared to a non-muffled crucible-furnace opera- 
tion. 

Crucible and iron-pot furnaces have certain limita- 
tions in size and output. In addition, iron-pot and 
crucible replacements are always with you. In order 
to gain greater economy, therefore, from the stand- 
point of crucible replacement versus refractory lining 
life, and from the standpoint of fuel consumption, the 
reverberatory furnace was introduced into the field 
of melting and holding. 


REVERBERATORY FURNACE 


These furnaces first took the form of small rever- 
beratory furnaces of 300 Ib bath capacity and then 
kept on growing. They proved their worth immedi- 
ately in savings of approximately one-third to one- 
half in fuel consumption. Operating costs on some 
permanent mold jobs were cut by 60 per cent when 
considering pots, fuel, direct labor, and indirect labor 

Casting quality was still maintained and rejects 
were not increased over previous melting operations. 

The iron-pot and the crucible furnaces have their 
place and it is not the intention to attempt to replace 
them except where it is to the advantage of the 
user to use other methods. The large tonnage of hot 
metal has grown to such an extent in many plants 
that it has been necessary to find faster, cheaper, 
and more convenient methods of melting, with an 
equal or better product. The reverberatory method 
is meeting that challenge and is widely accepted by 
most of the large melters. 


Operating Costs 

The reverberatory furnace is the least expensive 
method known for melting as the flame and products 
of combustion come in direct contact with the 
solid and molten metal. This, of course,.was and is 
widely criticized by many melters. It has been a 
widely accepted theory that molten aluminum when 
exposed to a direct flame or the gases created by it 
would result in a pickup of these gases by the hot 
metal. 

Nothing is more erroneous than the above theory; 
in fact, a controlled-combustion atmosphere is one of 
the most satisfactory methods of protecting the molten 
bath of aluminum when properly applied. There is a 
great deal to be learned but enough is known to es- 
tablish the reverberatory furrface as a most satisfac- 
tory and economical method of producing high-grade, 
gas-free, close-grained, clean castings. 

We believe there are other factors of control that 
will greatly relieve or completely eliminate porosity. 
Experiments conducted in our own plant indicate that 
metal previously preheated to below the melting point 
(approximately 900 F) before charging eliminates 
an important source of porosity. The moisture and gas 
absorbed by the cold metal are driven off by the heat 
before it is submerged in the molten bath, and part, 
at least, of the causes of porosity in the metal is due 
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to charging cold metal (room temperature) into the 
molten metal carrying with it moisture and absorbed 


gases. 


Control Factors 

Having built hundreds of reverberatory furnaces 
which are in use all over the country, the author’s 
company has naturally come in contact with many 
of the best metallurgists and compared notes, and 
learned a great deal by doing so; for example, two 
factors were brought out by a prime producer of in- 
got and castings. First, that aluminum will pick up 
gas in direct proportion to the temperature to which 
it is raised regardless of how it is melted, and that 
about 1400 F is maximum to which it can be heat- 
ed before the danger point. Second, that molten alu- 
minum rapidly picks_up gas in excess of this temper- 
ature and in direct proportion, and to avoid this 
pickup the metal should be cast at as low a tempera- 
ture as possible. 

For a jobbing foundry, this is a difficult matter to 
control for it is up to them to produce the best 
casting possible from the part design and the pattern 
submitted. In the captive foundries, a great deal can 
be done by closer co-operation between the foundry 
and the engineering department to design the casting 
in such a way that it can be cast at a temperature 
not in excess of 1400 F without losing any of the 
effectiveness of the part. 

A third factor which cannot be ignored is the 
protective oxide coatings formed on the bath of molten 
metal. This coating, if not readily disturbed, acts as 
a protective coating against gas pickup. 

STACK-CHARGING REVERBERATORY 


The stack charging reverberatory can be a sta- 
tionary furnace from which the metal is either tapped 
out into a ladle for transfer purposes or dipped from 
wells constructed on the sides of the furnace. These 
furnaces are made in sizes from 500 Ib-15,000 Ib 
capacity. Actually, they could be made larger if the 
demand existed. They are generally rectangular in 
shape with the burner equipment located at the front 
of the furnace and the exhaust flue and/or charging 
stack at the rear. Underneath the burner equipment 
at the front of the furnace is a large door which 
can be used for charging especially fine materials 
that need puddling. This door opening is also used 
for skimming and fluxing the metal. 

The flue at the rear has a dual purpose. It is not 
only an exhaust opening for the furnace but is used 
for charging the regular run of the material, such as 
ingots and returns from the foundry. This provides a 
convenient and rapid method of charging the furnace. 
The charging is done while the burner equipment is 
in operation. There is no door to open and the fur- 
nace can be charged at any time, continuously if 
desired. 

In the furnace proper or the combustion chamber, 
the bath of metal is carried at a depth approximat- 
ing 1 ft. This metal is permitted to pass through 
openings in the side walls to reservoirs or dipout wells 
located on the sides of the furnace. The metal in 
these wells remains at approximately the same tem- 
perature as the metal in the combustion chamber. It 
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is always available for ladling out and for casting 
purposes. In the event the castings are large and a 
large quantity of metal is required, there is a tapping 
spout on the side of the furnace so that the metal 
can be drained out into a transfer ladle. The furnace 
is cool to work around and the operator is not sub- 
jected to excessive temperatures. 

The roof is generally of the bung-arch type; that is, 
the brick is held in place by clamps which are pro- 
vided with springs on each end to allow the brick 
to expand and contract with the change of tempera- 
ture in the furnace. The bungs can be lifted off 
for repairing the furnace or lining. In some cases, a 
suspended roof is utilized. In starting up each morning 
it is necessary to preheat the furnace approximately 
45 min, after which time the metal is charged through 
the stack or exhaust flue until the bath of metal is 
approximately 1 ft deep. After the bath has been 
established and has reached casting temperature, a 
continuous supply of hot metal is available through- 
out the day, by charging the furnace at the same 
approximate rate metal is taken away. 


Furnace Use 

These furnaces are used by all types of foundries 
such as sand casters, permanent mold, die casters, 
and smelters. It is one of the most popular furnaces, 
and one of the most inexpensive methods of melting 
and handling aluminum in large quantities. It can be 
automatically controlled; as a rule a controlling pyrom- 
eter is used to indicate and control the metal temper- 
ature in one of the dipout wells. 

It is an excellent furnace, if a continuous supply 
of metal is desired for the sand foundry, permanent- 
mold or die-casting plant, for supplying hot metal 
to the holding furnaces, or should you wish to remelt 
scrap and cast it into ingot. Melt rates’ are available 
from 150 Ib to approximately 5,000 Ib per hr. 


Tilting Furnace 

A similar furnace design is available in the form of a 
tilting furnace of the stack-charging type. This fur- 
nace has all of the same economies and continuous 
melting and charging abilities. It has found its widest 
application in die-casting and permanent-omld plants 
as a centralized melter for melting ingot, and in- 
plant scrap returns. The tilting furnace, however, is 
made in sizes of 1,000 lb on up to 3,000 Ib bath 
capacity. Melt rates vary from 800 Ib-2,000 Ib of 
aluminum per hr. The advantage of the tilting mech- 
anism, of course, is in the pouring operation into 
transfer ladles. 

In the case of either the stationary or tilting stack- 
type reverberatory melting furnaces, refractory life 
generally approximates 18 months to two years. Melt- 
ing losses, when melting die-casting returns, approxi- 
mate 3 per cent-4 per cent. When melting ingot, 
melt losses approximate 3/4 per cent-1 per cent. 
Fuel costs approximate 2,000 BTU’s per Ib or less. 
A reducing atmosphere is used at all times. 

The stack-type charging furnace cannot be equalled 
in over-all economy. Direct and indirect labor is held 
to a minimum. While there is refractory lining main- 
tenance and replacement, the lining is only 9 in. 
thick as compared to box-type reverberatory furnaces 
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which have 16 in.-18 in. linings; consequently, lining 
costs per lb of metal melted are held to a minimum. 
Large baths of metal are never held needlessly, and 
need never be held overnight. The furnace need not 
be kept under heat as is true in the case of many 
large box reverberatory furnaces. 


DOUBLE-CHAMBER FURNACE 


The rapid increase in the use of aluminum in re- 
cent years has necessitated better methods of melting 
and handling of the metal than employed in the past; 
there are many models or designs, and the double 
chamber furnace is one of them. 

This furnace is the result of a great deal of study 
and experimental work in the plant and in the field, 
working with plants that specialize in casting alumi- 
num. The furnace was developed to meet known 
conditions and peculiarities of aluminum alloys re- 
gardless of how it is cast, whether in sand, permanent 
mold, die cast, or reclamation. 


Porosity Causes 

It is the opinion of the author’s company that one 
of the principle causes of porosity in castings is due 
to submerging either cold, or room temperature metal, 
into a molten bath. Unless the metal is thoroughly 
dry, it will have moisture on the surface, generally 
referred to as capillary moisture. This moisture is 
carried into the bath, resulting in porosity. The two- 
chambered furnace completely eliminates this possi- 
bility. 

Another cause of porosity in castings is overheat- 
ing of the bath. This can take place in any type of 
furnace whether it is of the reverberatory type, cru- 
cible, or iron pot. Overheating is not a function of 
the type of flame used. Somewhere around 1400 F 
and over, aluminum picks up gas rapidly and the 
foundryman should do everything possible to cast 
aluminum at temperatures below this point, if he is 
after gas-free castings. It may of necessity require 
changes in the pattern or design. 

It is the opinion of the author’s company that a 
certain amount of dross, at least a small amount, 
in the holding furnace is beneficial. However, this 
dross must be of a certain type; it must be dry and 
not a glossy or wet type. The holding chamber in 
this double-chamber furnace provides a dry, fluffy 
type dross. With the above in mind, this two-chamber 
furnace was developed to eliminate the moisture in 
the metal before it is melted, to prevent overheating 
of the molten bath, to provide the proper type of 
dross covering over the metal in the holding furnace 
and, also, to eliminate hot charging in permanent 
mold and die casting plants. 


Aluminum Heat Content 

Figure 1 shows the heat content of aluminum. From 
this, you will note about 90 per cent of the heat 
required to bring aluminum up to a casting tempera- 
ture is in the melting; not after it is in a molten 
stage. You will note further from this chart that it 
requires abou 450 BTU’s per Ib to bring solid metal 
up to the liquid state at a temperature of slightly 
over 1200 F; to raise it to approximately 1350 F, 
a normal permanent mold casting temperature, it re- 
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quires only about 50 additional BTU’s. From this, it 
was reasoned that the melting of aluminum is a two- 
furnace proposition; one to break it down and one 
to hold it, with each function having its own individ- 
ual burner equipment of the proper size. 

In a one-chambered furnace, it is necessary to 
have burner equipment 8-9 times greater than actually 
required after the metal is up to a casting tempera- 
ture. Burner equipment usually does not have turn- 
down possibilities to hold the metal at the casting 
temperature without over-shooting metal tempera- 
tures. 


Melting And Holding Furnace 

You will note from a cross-section drawing (Fig. 2) 
of the double-chamber furnace that it is composed 
of two separate furnaces combined in one complete 
unit—one section is for holding the metal after it has 
been melted or broken down and the other is for 
melting only. In the melting furnace there is no bath. 
The flame is allowed to surround the material com- 
pletely, and drive out the moisture before it melts. 
It then runs into the holding furnace. 

It has been found that the metal will flow into the 
holding furnace at a temperature between 1160 and 
1180 F. This is below the temperature where there 
is danger of gas pickup. 

One of these chambers is always automatically 
controlled to eliminate the human element. The met- 
al in the holding furnace can be controlled within 
10 F due to the fact that it is constantly fed from 
the melting furnace»with a molten metal charge at a 
constant temperature. Since uniform temperature is 
often of such great importance, it is necessary that 
the holding chamber be controlled; the melting cham- 
ber may be controlled automatically or manually. 
The author’s company believes it best to use high- 
limit temperature controls on the melting chamber 
to prevent overheating of the refractories. 

Another desirable effect developed, which was not 
considered at the time this furnace was developed, 
is that it eliminated hard spots in the molten bath 
because no chilling action takes place. It can be 
held day in and day out in the holding furnace with- 
out ill effect. Since it requires so little fuel to hold 
it overnight, in many cases it is desirable to do so 


1000 | 1832 
900 | 1652 
800 | 1472 
700 | 1292 


500 
400 
300 | 572 
200 | 392 
100 
O | 32 


°c | °F 
HEAT 


Fig. 1—Heat content of aluminum. 
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rather than to tap out the metal, cast it into ingot, 
and start all over again in the morning. This, of 
course, provides the foundrymen with hot metal at 
the moment the foundry starts in the morning. 

The hourly output of this type furnace is based 
on the hearth area of the melting chamber. The 
larger the hearth, the greater the yield. In the stand- 
ard furnace, a holding chamber of approximately 
twice the hourly yield of the melting hearth has been 
provided on this furnace; in other words, a furnace 
having a bath capacity of 700 Ib has an output of 
about 400 Ib per hr inasmuch as this is the amount 
of metal that can be melted per hour in the melting 
chamber. 


Temperature Control 

The reason for having a bath with twice the hourly 
yield is to insure a constant temperature. The metal 
in the bath is raised from 100-200 degrees over the 
temperature of the metal entering it, in the case of 
permanent mold and sand casting, and it must be 
large enough to absorb this difference and remain 
constant. 

This furnace is very desirable, particularly in perma- 
nent-mold and die-casting foundries, as it completely 
eliminates hot charging (in which metal is brought 
over from a breakdown furnace and poured into the 
holding furnace). It also does away with the possi- 
bility of contamination by getting metals mixed up 
in a melting room inasmuch as the returns can be 
remelted immediately after they are cast in this 
double-chamber furnace. There is no transporting 
them back to a breakdown furnace and back again to 
the holding furnace. It does away with the possibil- 
ity of picking up gas in transferring metal from a 
breakdown furnace to a holding furnace. 

This furnace is fired with either oil or gas or combi- 
nation burner equipment; however, the author’s com- 
pany prefers gas. It should be operated with a rich 
flame; that is, with a reducing flame in order to eli- 
minate oxidation. This is done by a simple adjustment 
of the proportional mixer. 

The furnace is not intended for melting anything 
but solid material, either ingot or returns from the 
foundry, but not for light material such as chips, 
clippings, or borings. This has to be done in a furnace 
in which this material can be submerged. 


Remelting Rejects 

There is one other very desirable feature, particu- 
larly to the die caster and permanent-mold foundry; 
rejected castings containing inserts can be remelted 
in this furnace. The metal is sweated off of the insert 
and the insert can be raked off the hearth through 
the charging door. It has been attempted, in this 
furnace, to unite a complete unit, to eliminate as 
much handling as possible, to overcome past difficul- 
ties encountered in other types of melting, and to 
produce the finest possible castings both chemically 
and physically. 

Fuel input is on the order of 1,500 BTU’s per lb 
of metal melted and 500 BTU’s per lb of metal held. 
Actual consumption is somewhat less than this. Re- 
fractory lining life will vary from one to two years 
depending upon the care taken in good maintenance 
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and cleaning. Metal losses, of course, also depend on 
good practice of operation. Metal losses of 3/4-1 per 
cent have been noted on the hearth when melting 
ingot and solids. Dross losses in the holding chamber 
generally vary from 1-1/2-2 per cent, half of which 
is recoverable from the dross. 

Bridgewall life between the holding and melting 
chamber has been the major difficulty in earlier mod- 
els. Since then the double-chamber furnace has been 
redesigned into two separate furnace units which are 
combined similar to the earlier design. That is, metal 
flows directly into the holding chamber from the melt- 
ing hearth. While the latest furnace has only had a 
couple of years experience behind it, there are 
definite signs of increased refractory life and possibly 
still less dross loss in the holding chamber. Other 
factors have remained on a more or less par basis. 


NON-STACK CHARGING FURNACE 


The non-stack charging reverberatory melting fur- 
nace would be a box-type reverberatory charged 
through the doors or through scrap charging wells. 
This furnace comes in sizes from 5,000 Ib on up to 
100,000 Ib. It has found wide acceptance in casting 
of extrusion billets, rolling mill slabs, smelter plants, 
recovering of chips, and in some permanent-mold 
and die-casting plants as centralized melting units 
where large quantities of metal are required. 

While this furnace design is excellent and has a 
good metal recovery, the author’s company believes 
that for most die-casting and permanent-mold appli- 
cations it is an expensive method of operation. Melt- 
ing rates are low per sq. ft of hearth area. For 
example, a 10,000 Ib box reverberatory has a melt 
rate of approximately 30 Ib to the sq. ft and a hearth 
area of approximately 50 sq. ft. The melt rate is 
1,500 Ib per hr and it has a bath of metal that must 
be held in the ratio of approximately 6 to 1 com- 
pared to the melt rate. 

The stack charging type reverberatory furnace has 
a melt rate of approximately 4 times that of the box 
reverb. A 5,000 Ib stack-charging furnace will melt 
3,000 Ib per hr requiring approximately half of the 
floor space. 

Despite the slightly higher melt loss of the stack 
reverberatory furnace which would be 3-4 per cent 
as compared to 2 per cent for the box reverberatory 
when melting die-casting and permanent-mold re- 
turns, the stock-charging furnace is still more eco- 
nomical. Less labor is required to operate a stack- 
charging furnace, fuel consumption is somewhat less 
and considerably less metal must be held in a stack- 
charging furnace as compared to a box-type furnace. 
Lining replacement in a stack-charging furnace is 
also considerably less per Ib of metal melted. 


ELECTRIC-RESISTANCE FURNACE 

Electric-resistance iron-pot crucible and refractory- 
lined-type furnaces have recently appeared on the 
market for holding applications. These furnace types 
have come into the picture not to compete with 
iron-pot or crucible furnaces, but to compete with 
electric-induction furnaces. All three furnaces pro- 
duce working conditions around the furnace which 
are exceptionally cool and compare favorably to elec- 
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tric-induction furnaces. Other advantages were also 

considered important in the refractory-lined electric- 

resistance-type furnace because they represent sub- 
stantial savings in operating cost, as follows, when 
compared to electric induction furnaces: 

1. There are no channels to plug up. 

2. In the event of any power failure the metal can 
freeze up and be remelted without damage to the 
furnace. 

. Downtime would be held to a minimum. 

. Replacement of electric resistance elements can be 
made in a matter of minutes. 

. The furnace is easy to skim and keep clean. 

. Dross formation is held to a minimum. 

Metal bath is held quiet, therefore insuring a 
clean bath, no oxide mixing in molten metal, and 
consequently a high quality metal and minimum 
of rejects. 

. Temperature control is excellent with no overshoot- 
ing of metal temperatures. 

. Lining life will be greatly prolonged, and it is 
believed possible three years minimum would not 
be uncommon. 

10. Lining replacement is simple as compared to elec- 
tric induction furnaces. 

1l. Furnace operation is noiseless for all intents and 
purposes. 

12. Electrical failure is generally confined to the re- 
placement of an occasional electric resistance ele- 
ment, and not a whole induction coil and refractory 
lining. 

Furnace Construction 
Furnace construction is simplified. Furnace space 

requirements are held to a minimum. Electrical cir- 

cuits and equipment are so uncomplicated that an 
average electrician can maintain and operate it. 

Electric resistance elements are protected by bars so 

that they do not get damaged when cleaning the 

furnace. The features built into this furnace design 
hold forth, therefore, a means of creating most favor- 
able working conditions and low operating cost. 

The above features would also apply to the iron- 
pot and crucible electric-resistance furnaces; however, 
in these cases you would have the added cost of 
iron pots and crucibles. In addition, kw power con- 
sumption would be slightly higher in crucible and 
iron-pot furnaces because heat transfer to the metal 
must be made through these mediums rather than 
directly. 


ELECTRIC-INDUCTION FURNACE 


The author’s company believes that for aluminum 
holding purposes, that the electric-resistance furnace 
offers an excellent furnace design. This design also 
offers an initial cost savings over electric-induction 
furnaces. Working conditions are comparable to elec- 
tric-induction furnaces. Metal losses are comparable 
to induction furnaces. Electric power requirements 
are closely on a par in the refractory-lined type with 
a possible slight favor going to the induction furnace. 
Power costs, however, are more than offset with the 
savings in operating features outlined above. 

The electric-induction furnace has been sold on the 
basis of low temperature working conditions and min- 
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imum melt losses. The initial cost is high compared 
to any other furnace on the market, for similar melt 
rates and holding capacities, in the gas or oil fired 
line or electric resistance line. Another claim of 
electric-induction furnace manufacturers is the agita- 
tion feature which tends to bring alloy in solution 
and to eliminate segregation. 


CONCLUSIONS 


The author’s company believes that every piece of 
equipment has its place, where when properly ap- 
plied, it can excel over other types of equipment. 
There are certain places in the country where power 
costs are favorable to the consumer. In these cases, 
power must be weighed against gas or oil to see 
which offers the most economy. 

During the past 10 years, economy considerations 
in many cases have gone out of the window. The 
only problem was to get the castings or finished 
product out to the customer, figure your cost, and 
then to price the product so that a profit could be 
made. This day may soon come again, but the day 
of reckoning with costs is upon us. 

Actually, we do not begin to check costs in earnest 
until necessity forces such a decision upon us. We 
should, however, always check costs. This practice 
keeps our profits at the highest point in both good 
and bad times, whether prices are low or high. It 
always keeps us in a competitive position and re- 
flects itself in greater profits. 

The main difference in operation between gas and 
electric furnaces is that in the case of gas-fired fur- 
naces you only pay for the fuel you actually use. 
In electric furnaces you pay for the power you use 
plus the demand load charge which is determined by 
the maximum power usage at any one time during 
the month. This demand load can be determined in 
1 min or 1 sec of your monthly operation. For exam- 
ple, should you have three 100 kw electric furnaces in 
your plant and all three furnaces are turned on for 
1 min drawing the full current load, and then shut 
off and not used again all month, the demand load 
would be 300 kw times $1.70-$1.90 per kw. 

Therefore, regardless of how much use you make 
of the furnaces for the next 30 days you will have a 
demand load cost of $510.00-$570.00 established. Cur- 
rent use for actual operation of the furnaces beyond 
this point would be in the neighborhood of 1.08 cents 
per kw hr additional. Great care must be exercised, 
therefore, in the use of electric furnace equipment, if 
power costs per lb of metal melted and held are to 
remain at the lowest point obtainable based on metal 
demands for the month. 


Still Bath vs. Stirring Action 


There has always been considerable controversy 
between the benefits of the still bath and a continu- 
ous stirring action. The argument on the part of the 
induction-furnace manufacturer has been that the stir- 
ring action prevents segregation of alloys. 

The author's company feels, from actual experi- 
mentation, that segregation of alloys is due to a chill- 
ing action taking place in the molten bath. The chill- 
ing action is caused by charging cold ingot and 
returns into the bath. It is also known that no chilling 
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action takes place when molten metal is added to a 
bath of metal in lieu of cold metal. Experience has 
borne out that little or no precipitation takes place 
in the bottom of a double-chamber holding furnace. 

The author’s company has always advocated a still 
bath because with a still bath a minimum amount 
of metal surface is exposed for oxidation. In addition, 
the oxide surface coating is not broken and acts as a 
protection against gas absorption. In addition, a still 
bath is required to maintain proper separation of 
oxides from the molten metal inasmuch as the specific 
gravity of metal and oxides is very close. 

It appears, therefore, by stirring a bath of metal, 
such as is done in electric-induction furnaces, more 
and more surface is exposed for oxidation, the oxide 
surface coating is broken allowing for greater gas 
absorption, and oxides are merely churned into the 
metal and are not allowed to segregate. 

For the above reasons many die-casting and per- 
manent-mold plants melt only ingot in the electric- 
induction furnaces at the die-casting machine. Scrap 
returns are generally remelted in a centralized melt 
area and the metal is pigged and recharged at the 
diecasting machine in the form of pig. Segregation 
caused by chilling, of course, is automatically offset 
by the continual stirring action of the current. 

Advantageous melt rates advertised must, there- 
fore, be carefully weighed against power consumption, 
demand load, remelt operation, and maintenance of 
the furnace equipment. The prominently advertised 
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stirring action also helps to plug the channels in the 
electric-induction furnaces; constant care, therefore, 
is required to keep these channels open. Electric 
power failure can cause a channel to freeze solid 
with aluminum and in some cases requires a complete 
relining of the furnace. In addition, a prolonged pow- 
er failure will cause the electric-induction coil to burn 
out because the fan cannot operate to keep this 
coil cool. 

One new aspect coming into the picture on alumi- 
num die casting is vacuum die casting itself. This 
field opens up a new possibility of siphoning metal 
from the holding furnace into the die-casting machine 
itself. Should the siphoning system be adopted 
throughout industry, whether vacuum casting is util- 
ized or not, it offers considerable possibilities, the au- 
thor’s company believes. Such a vacuum system will 
throw greater stress on holding-furnace equipment 
only at the die-casting machine in order to maintain 
the cleanest and highest quality of metal at the ma- 
chine and, therefore, to obtain the least amount of 
scrap and the highest quality of casting. 

This means that most holding-furnace applications 
would be hot charged with molten metal either from 
a dry-hearth melting unit or by means of transfer 
ladles from large melting furnace equipment. This 
innovation, of course, will gradually affect the entire 
die-casting industry and, the author believes, there 
will be a slow shift toward vacuum die casting as 
time goes on. 








EFFECT OF IMPURITIES UPON THE RESISTANCE OF MAGNE- 
SIUM CASTING ALLOYS AZ92 AND AZ63 TO CORROSION 


By 


B. J. Nelson* 


ABSTRACT 


The paper covers the effect of higher maximum 
amounts of impurities upon the properties and resist- 
ance to corrosion of AZ92 and AZ63 casting alloys. 
Included in the corrosion tests were accelerated tests 
in NaCl-H2O2 by alternate immersion and in 3-1/2 
per cent NaCl spray, as well as various atmospheric 
exposures. 

Some natural aging occurs in sand cast AZ92 and 
AZ63 alloys. The resistance to corrosion of alloys having 
the same range of impurity content is comparable, but 
the presence of nickel leads to inferior resistance to 
corrosion. The influence of deliberately added nickel 
in influencing the resistance to corrosion is developed 
over a range of environments and exposures. 


INTRODUCTION 


In 1945, the author’s company initiated a program 
of corrosion testing on the magnesium casting alloys 
AZ92 and AZ68, which are the lower purity versions 
of AZ92A and AZ63A. Table 1 shows the composition 
limits for all of these alloys. The differences in com- 
position are reflected in higher maximum amounts of 
silicon, nickel, and other impurities for the alloys of 
lower purity. 

Silicon increases would be expected to decrease 
the tensile strength and the elongation of AZ92A or 
of AZ63A alloy, but to have little effect upon the 
resistance to corrosion. Copper, on the other hand, 
would not be expected to have an effect upon resist- 
ance to corrosion when it is present in conjunction 
with the amounts of zinc which are normally present 
in these alloys. The impurity of the greatest concern 
in these alloys is nickel, which substantially decreases 
the resistance to corrosion of magnesium alloys.+ 

It was decided that nickel would be added delib- 
erately to these alloys in order to study its effect on 
resistance to corrosion. In the course of the investiga- 
tion, the effect of the impurities was followed by vis- 
ual examination, and by tests, to determine property 
losses after various corrosive exposures and property 
changes upon natural aging. 


tHanawalt, Nelson and Peloubet, A.LM.E., 147, 273 (1942). 
*Physical metallurgy Div., Alcoa Research Laboratories, 
Aluminum Company of America, New Kensington, Pa. 
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MATERIAL 

The material used in this investigation consisted 
of sand cast test bars of AZ92A alloy and of AZ63A 
alloy of normal composition; sand cast test bars of 
AZ92 and of AZ63 of low, of intermediate, and of 
high nickel content; permanent mold cast bars of 
AZ92A alloy of normal composition; and permanent 
mold cast bars of AZ92 alloy having low, intermediate, 
and high nickel contents. AZ92A and AZ63A alloys 
were included as comparison or “control” alloys. 

All alloys used were within the composition limit 
ranges; the nickel content (deliberately varied in this 
test) ranged from 0.001 per cent-0.040 per cent so 
that a substantial composition range was available. 

All test bars were tested in four tempers: -C, -T5l, 
-T4, and -T6. In addition, bars from each temper 
were further differentiated; one group was given an 
acid dip after casting for cleaning the surface, while 
another group was given the chrome-pickle treat- 
ment. The acid-dip consisted of a 10-sec immersion 
in 8 per cent HNO; + 2 per cent H2SO, in water. 
A total of 2,160 test bars was included in this test 
and each value for corrosion losses, etc., is an average 
of three bars. 


PROCEDURE AND RESULTS 
The tests which were carried cut included the 
following: 
1) Tensile tests initially and after 10 years of natural 
aging. 
2) Tensile tests after alternate immersion in salt- 
peroxide solution for 96 hr. 
3) Tensile tests after intermittent salt spray test (3- 
1/2 per cent NaCl) for periods of up to 24 weeks. 
4) Tensile tests after exposure in the unstressed con- 
dition to the marine atmosphere of Point Judith, 
R. I., for a period of over 7 years. 


TABLE 1—COMPOSITION LIMITS FOR MAGNESIUM 
CASTING ALLOYS 














Mn, Si, Cu, Ni, Others, 

Alloy Al Zn Min. Max. Max. Max. Max. 
AZ92A 8.3-9.7 1.7-2.3 0.10 038 025 0.01 03 
AZ92 8.3-9.7 1.7-2.3 0.10 05 0.25 0.025 0.8 
AZ63A 5.3-6.7 25-35 015 03 025 0.01 03 
AZ63 5.3-6.7 25-35 0.15 05 025 0.025 08 
58-23 
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TABLE 2 — CORROSION TESTS MADE ON MAGNESIUM CASTING ALLOYS 
Corrosion Tests Made 
: Miami 
ALL. NaCl Point New Tide 
Ni Properties NaCl-H202, Spray, Judith, Kensington, Water, 

Alloy Type Class Tested, Time hr. wk. yr. Exam. yr. mo. 
AZ92A S.C. Low 11/45 4/56 96 12 7.2 8 rf 
AZ92 S.C. Low 11/45 4/56 96 12 7.2 8 be 
AZ92 S.C. High 11/45 4/56 96 12 7.2 8 a 
AZ92 S.C. Low 4/50 4/56 24 1.10 4 1 
AZ92 S.C. Inter 4/50 4/56 24 1.10 4 1 
AZ92 S.C. High 4/50 4/56 24 1.10 4 l 
AZ63A S.C. Low 11/45 4/56 96 12 7.2 8 ae 
AZ63 S.C. Low 11/45 4/56 96 12 7.2 8 an 
AZ63 SC. High 11/45 4/56 96 12 7.2 8 , 
AZ63 S.C. Low 4/50 4/56 24 1.10 4 1 
AZ63 S.C. Inter 4/50 4/56 24 1.10 4 l 
AZ63 S.C, High 4/50 4/56 24 1.10 4 1 
AZ92A P.M. Low 11/45 4/56 96 12 7.2 8 ¥ 
AZ92 P.M. Low 11/45 4/56 12 Ta 8 . 
AZ92 P.M. Low 4/50 4/56 ie 24 1.10 8 1 
AZ92 P.M. Inter. 4/50 4/56 Z| 24 1.10 4 1 
AZ92 P.M. High 11/45 4/56 96 12 7.2 8 e 
AZ92 P.M. High 4/50 4/56 sy 24 1.10 4 1 





there is no substantial variation in properties with 


nickel content. 
The degree of natural aging occurring in these al- 


5) Tensile tests after exposure to the individual atmos- 
phere of New Kensington, Pa., for 8 years. 
6) Tensile tests after exposure to Miami, Fla., tide 





water for one month. 

The list of tests which were made is given in Table 2. 

Tables 3 and 4 show the composition and the prop- 
erties as well. as the corrosion losses for the alloys 
tested in this program. Specimens were photographed 
at various stages of all the corrosion tests, but only 
selected, representative groups are reproduced here. 
All these corrosion tests and their results will be 
discussed. 

The tensile strengths of the sand cast and perma- 
nent mold cast AZ92 and AZ68 alloys are decreased 
and the yield strengths are increased by the order 
of 2,000-5,000 psi by the higher copper and silicon 
content of these alloys, but the added nickel has 
little, if any, effect upon the tensile properties. This 
is more readily apparent when considering these al- 
loys in the -T4 temper. For the group of alloys having 
no appreciable variation in copper or silicon but 
having a low, intermediate and high nickel content, 


. 


Alloy AZ92A ; as 


ot 


Fig. 1 — Appearance of sand cast magnesium alloys after 12 
weeks exposure to intermittent 3-1/2 per cent NaCl spray. 





loys is small but probably does exist. For the perma- 
nent-mold cast alloys, the evidence of natural aging 
is less convincing. The properties of AZ92 alloy are 
lower than the properties for AZ92A alloy. In addition, 
the permanent-mold cast alloys seem to show some 
decreases in tensile properties during the period of 
natural aging. Wherever natural aging did occur, it 
seemed to be confined to the -C, -T51, and -T4 tem- 
pers, and the properties of the alloys in the -T6 
temper are decreased slightly by natural aging. 
After exposure to the salt-peroxide solution and salt 
spray, the specimens were photographed and property 
losses obtained. Figure 1 shows the appearance of 
some of the sand cast alloys after a 12-week exposure 
to the intermittent salt spray. After the salt-peroxide 
and salt spray tests were made, the following con- 
clusions were drawn: AZ92 and AZ68 alloys have 
about the same resistance to corrosion as AZ92A and 
AZ68A alloys of the same nickel content, but when 
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Low Nickel 
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Top specimen in each group of two was acid-dipped; bottom 
specimen received acid-dip plus chrome-pickle, 
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36500 25700 


25800 


23600 
25000 


25100 


32300 


30400 
36500 


TSS. 


C 


0.45 0.27 0.024 T51 


0.45 0.27 0.024 
0.45 0.27 0.024 


C 
T51 
T4 





Temper 
T6 
T4 
T6 


Ni 
gm NaCl & 3 gr H2O: 


% Composition 
Si Cu 
0.46 ' 0.30 0.001 
0.46 0.30 0.001 
0.46 0.30 0.001 
0.46 0.30 0.001 


0.45 0.27 0.024 





TABLE 3 — (CONTINUED) NATURAL AGING & RESISTANCE TO CORROSION OF MAGNESIUM ALLOY CAST TEST BARS 


Alloy 


AZ92 
AZ92 
AZ92 
AZ92 
P.M. AZ92 
P.M. AZ92 
P.M. AZ92 
P.M. AZ92 


Type 
P.M. 
P.M. 
P.M. 
P.M. 


r liter. 


3. RN. = Sand Cast, P. M. = permanent mold 





Alt. inner. Test—Solution contains 57 


Values are averages of 3 bars. 











S. No. 
88305 
88306 
88307 
88308 
88309 
88310 
88311 


1. 
2. 
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the alloys contain over 0.025 per cent nickel, the 
resistance to corrosion decreases. 

It was further found that copper contents from 
0.02 per cent-0.3 per cent and silicon from 0.05 per 
cent-0.6 per cent have no adverse effects upon the 
resistance to corrosion of the AZ92 and AZ68 alloys. 
The effect of iron content which ranged from 0.007 
per cent-0.028 per cent, was probably masked by 
other factors so that it was not possible to adequate- 
ly determine the effect of this range of iron contents. 

A supplementary group of alloys containing low, 
intermediate, and high nickel contents was also tested 
in the different experiments. Figure 2 shows the ap- 
pearance of a group of sand cast bars exposed 24 
weeks to the 3-1/2 per cent NaCl intermittent spray. 
In general, the acid-dipped specimens show more 
general corrosion than do those given the chrome- 
pickle treatment. It is believed that this is due to 
the local breakdown of the chrome-pickle which leads 
to pitting, whereas the cleaned acid-dipped speci- 
mens corroded over-all generally. 


NICKEL CONTENT VARIATION 


Under the limits of the investigation it did not 
seem that a variation of nickel content from 0.001- 
0.04 per cent has any adverse effects upon the 
resistance to corrosion of AZ92 and AZ63 alloys in 
the intermittent salt spray test. However, it was found 
in these tests that nickel is more deleterious in de- 
creasing the resistance to corrosion in the salt-peroxide 
test. The supplementary group mentioned before, 
containing low, intermediate, and high nickel con- 
tents, were tested in Miami tide water. After one 
month in this test they were examined, photographed, 
and tested. Figures 3 and 4 show the appearance 
of these items in AZ92 and AZ63 after the Miami 
exposure. From these figures there is no doubt about 
the effect of nickel in accelerating the rate of corro- 
sion. The losses for these and previous specimens are 
given in various tables. 

In some cases, the specimens of higher nickel con- 
tent were too severely corroded to allow accurate 
measurement of the loss to be made. In this test, 
specimens having the acid-dip sometimes showed 
more severe corrosion than did those having the 
chrome-pickle. This result may reflect the initial pro- 
tection given by the chrome-pickle before breakdown 
of the surface has begun. 

Specimens were exposed at Point Judith, R. I., for 
periods ranging up to over seven years when a hurri- 
cane scattered the specimens about and buried many 
of them in wet sand. However, Fig. 5 shows the ap- 
pearance of sand cast AZ92A and AZ92 alloys exposed 
four years to Point Judith, and Fig. 6 shows the 
appearance of premanent-mold AZ92A and AZ92 bars 
exposed to Point Judith for four years. In this test, 
AZ92 of high nickel content is inferior to AZ92 of 
low nickel content, which is in turn inferior to the 
base composition (0 per cent Ni). 

In like manner, AZ63 of high nickel content is 
inferior to AZ68 of low nickel, which in turn is inferior 
to the base composition (0 per cent Ni). It seems 
that alloys in the -C and -T51 temper may be less 
resistant to corrosion than those in the -T4 and -T6 
temper, but in this test there is little difference be- 
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Alloy A292 Low Nickel 





Fig. 2 — Appearance of sand cast alloys after exposure of 
24 weeks to 3-1/2 per cent NaCl intermittent spray. 
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Fig. 3 — AZ92 sand cast bars exposed to tide water at given an acid-dip. Lower bar of each temper group given a 


Miami, Fla., for one month. Upper bar of each temper group chrome-pickle. 





Magnesium Alloys AZ92 and AZ63 


Fig. 4 — AZ63 sand cast bars exposed to tide water at given an acid-dip. Lower bar of each temper group given a 
Miami, Fla., for one month. Upper bar of each temper group chrome-pickle. 


Alloy AZ92A lloy AZ92 High Nickel 
Wig asin _ ® | A et PS een 


4 Sa i 
> a, 
% I Mihi 


Fig. 5 — Appearance of sand cast magnesium alloys after ex- 
posure to Point Judith atmosphere for four years. 
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Alley AZ92A 


Fig. 6 — Appearance ot permanent moid cast magnesium alloys 
after exposure to Point Judith atmosphere for four years. 


tween the alloys in the acid-dipped or chrome- 
pickled condition. Where it was possible to make com- 
parisons for the specimens exposed for a longer period, 
but subsequently buffeted by the hurricane, it was 
found that AZ92 and AZ68 alloys of low nickel con- 
tent have roughly the same losses, but that the alloys 
of higher nickel content have substantially greater 
losses. The difference between the acid-dipped and 
the chrome-pickled specimens is roughly nil in these 
tests. 

Specimens were examined after four years and aft- 


Alloy AZ92A 


Fig. 7 — Appearance of sand cast magnesium alloy bars after 
exposure to New Kensington atmosphere for eight years. Top 
specimen in each group acid-dipped; others chrome-pickled. 


er eight years exposure in the industrial New Ken- 
sington atmosphere. Figure 7 shows the appearance 
of sand cast AZ92A and AZ92 bars after eight years 
exposure to New Kensington atmosphere, while Fig. 
8 shows the appearance of permanent-mold cast bars 
of AZ92A and AZ92 after similar exposure. In this 
test, all the groups of alloys appear similar, the attack 
ranging from superficial to mild but the alloys in 
the -T4 temper exhibit the most attack. Alloys of com- 
parable nickel content but having other impurity 
limits have similar appearances after the exposure. 
The permanent mold bars appear better than the 
sand cast bars after this eight year exposure. There 


ss Alloy A292 , 


Low 


¢kel _ 





Magnesium Alloys AZ92 and AZ43 
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years. Top specimen in each group acid-dipped; others chrome- 


Fig. 8 — Appearance of permanent mold cast magnesium 
pickled. 


alloys after exposure to New Kensington atmosphere for eight 


appears little difference between the acid-dipped and 
the chrome-pickled bars in these tests. 


CONCLUSIONS 


The following conclusions are based on property 


losses and on visual appearance: 


1. 


The tensile strengths of the AZ92 and AZ63 alloys, 
where compared to AZ92A and AZ68A, are de- 
creased slightly but the yield strength is increased 
somewhat by the additional amounts of copper and 
of silicon which are present in the AZ92 and AZ63 
alloys; nickel has little if any effect on the prop- 
erties. 


. Some natural aging occurs in sand cast AZ92 and 


AZ63 alloys; the evidence is less convincing for 
permanent mold cast AZ92. In addition, the prop- 
erties of the alloys in the -T6 temper are decreased 
slightly by natural aging. 


. In NaCl environments, alloys having the same 


range of impurity content, including nickel, have 
about the same resistance to corrosion. The alloys 
of higher nickel content have greater losses, and 
in NaCl environments, permanent mold cast bars 
have a resistance to corrosion slightly superior to 
that of sand cast bars. The deleterious effect of 
nickel on these alloys is readily apparent when 
alloys are exposed to the NaCl-H2O, test, or to 
the Miami tide water test. 


. In general, acid dipped bars are more resistant to 


localized corrosion than are chrome-pickled bars, 


as determined visually. This is, no doubt, due to 
the local breakdown of the chrome-pickle which 
then leads to a pitting attack. However, the loss 


in tensile strength following any exposure is usu- 
ally higher for acid-dipped bars, indicating the 
over-all reduction of cross-section during the ex- 
posure. 


. Based upon exposures of up to seven years in a 


marine atmosphere (Point Judith, R. I.), all alloys 
of low nickel content have about the same resist- 
ance to corrosion; higher nickel contents lead to 
an inferior resistance to corrosion. In this test, the 
alloys in the -C and -T51 tempers may be less re- 
sistant to corrosion than are those in the -T4 and 
-T6 temper. 


. In an industrial atmosphere, the corrosion resistance 


of different groups of alloys of the same temper 
appear similar. There is little if any difference in 
this test between the overall atmospheric corrosion 
resistance of alloy bars which are acid-dipped or 
chrome-pickled. In this case, any breakdown of 
the chrome-pickled surface is slow, and a pitting 
type of attack does not seem to occur. 


. With the exception of alloys low in nickel content, 


the resistance to corrosion of alloys which contain 
greater amounts of impurities is comparable in an 
industrial atmosphere to alloys of higher purity. 
The alloys of low nickel content are superior to the 
same type of alloys having higher nickel content. 





PARTICLE PACKING—PRINCIPLES AND LIMITATIONS 


AFS Sand Division, Basic Concepts Committee (8-V ) 


Prepared By 


G. J. Grott* 


INTRODUCTION 


Particle packing will be discussed according to these 
practices used in making structural bodies of aggre- 
gates: 

. Use of crushed material — all pieces retained. 

. Use of crushed material — some pieces rejected. 

. Use of natural deposits of small particles — with 
or without further preparation. 

. Blending or natural deposits, crushed materials, 
or fractions of either. 

. Simple graphs are used to present mathematical 
models describing particle packing in each of 
these practices. 


USE OF CRUSHED MATERIAL—ALL PIECES RETAINED 


Start with a single solid piece of material. Break it. 
Put the pieces back into their exact original positions 
relative to each other. In theory nothing will have 
changed. The shape and density will be the same. 

In practice this has not yet been possible. It is 
extremely difficult even to know that all the pieces 
have been recovered. It is equally difficult to prove 
that no strange particles have been introduced. 

However, let us follow such a putting together 
operation and record it in graph form. We will judge 
our success according to the attainment of the origi- 
nal shape and density as measured by the per cent 
voids in our built up structure. To make it easier, 
we will assume the foresight to have prepared a con- 
tainer of the exact dimensions of the original piece. 
The empty container is 100 per cent void. The per- 
fectly filled container is zero per cent voids. 

Assuming perfection in our packing, as each piece 
of material is fit into place the per cent voids decrease 
proportionately and we have the straight line graph 
as shown in Fig. 1 (Line A). 

Again, in theory this is easy, but in practice it is 
not possible. The following statement is without vigor- 
ous proof but it is offered as a statement of fact: “The 
greater the number of particles into which the single 
piece was. broken, the harder it will be to piece them 
back together.” 


*Michigan Standard Alloy Castings Co., Detroit. 
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For any standard effort, less than perfection will be 
achieved. After some number of pieces are fitted into 
place the actual packing curve will depart from the 
theoretical. A larger container will be required to hold 
all of the pieces and there will be voids in the final 
structure (Fig. 1 — Line B). 

The practical effect of this breaking up of single 
particles of an aggregate may be followed by another 
mathematical model based on this so-called “actual 
packing” phenomena. 

Starting again with our single particle, crush it into 
several pieces. The result is an aggregate. The packed 
aggregate contains voids. We will follow the effect of 
continued breaking of the particles using another 
index, the apparent specific volume. This is the recip- 
rocal of the apparent density and the units are cc per 
gram or cu ft per lb. This particular index was chosen 
because it gives a straight line plot under the condi- 
tions imposed by the model. 


Efficiency Degree 

It is necessary only to assume some set degree of 
efficiency in repacking particles derived from the 
breaking-up of the larger pieces. In this case, let us 
assume that in repacking the particles we are 70 per 
cent efficient. Our plot, Fig. 2, now starts with a 
single particle. There are no voids. The apparent den- 
sity is the true density, and the apparent specific 
volume must also be the true value (for silica it is 
(1/2.65 = 0.378 cc/gm.). At 70 per cent solid 
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the apparent density is (0.70 x 2.65) = 1.885 gm/cc 
the apparant specific volume = 1/1.855 = 0.54 cc/gm. 

As we reduce fragments of the single grain to parti- 
cles that we can repack to 70 per cent solid the plot 
of Fig. 2 is developed. The slope of the line depends 
on our efficiency in repacking: higher efficiencies given 
lesser slopes. 

USE OF CRUSHED MATERIAL— 
° SOME PIECES REJECTED 

Start with the crushed material used in the previous 
discussion. Discard some pieces, say 20 per cent by 
weight. Proceed with the piecing together as previous- 
ly discussed and the material supply is exhausted at 
20 per cent voids as noted by the point on Fig. 1. 

If, however, the remaining material is considered as 
being 100 per cent of that available, our progress 
record appears as in Fig. 3. According to our model, 
the more pieces missing the greater the final percent- 
age of voids (Line A’). Because of lack of perfection 
in fitting what is available line B’ represents the more 
probable result. 

USE OF NATURAL DEPOSITS OF SMALL PARTICLES— 
WITH OR WITHOUT FURTHER PREPARATION 

The termination of line B’, Fig. 3, at 100 per cent 
of available material represents normal packing of 
foundry sands. We do not know what particles have 
been lost, but we can follow our progress in fitting in 
the missing particles if they were available. This is 
done in Fig. 4. 

For the purpose of this illustration it is assumed that 
the sand packs to 60 per cent solid. According to the 
model used in Fig. 1 (Line A) 40 per cent of the 
material is missing when compared with a solid mass. 

Figure 4 (Line 1) follows our progress in fitting the 
missing material back into place. The percentage add- 
ed is calculated as the percentage of the mix present, 
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e.g., if we started with 60 grams the 20 per cent 
figure refers to 15 grams added, etc. 

15 divided by (15 + 60) = 20 per cent 

40 divided by (40 + 60) = 40 per cent 

Line 1 Fig. 4 again represents the perfect fit. It may 
be drawn as a straight line with no appreciable error 
within the limits encountered in usual practice. Line 
2 Fig. 4 depicts the more probable results. 


BLENDING OF NATURAL DEPOSITS, CRUSHED 
MATERIALS, OR FRACTIONS OF EITHER 

Blending of natural deposits with each other or with 
machine crushed particles is the foundrymen’s attempt 
to offset in part the effects of some previous loss of 
particles in handling, crushing, grading, or from some 
other cause. 

The addition of coarse particles to a fine mixture 
is the reverse of Fig. 2 where coarse particles were 
crushed to make fine particles. The addition of silica 
flour to sand is an attempt to substitute fine particles 
for those lost, and to fill voids resulting from imperfect 
packing. 

Thus, the mathematical models developed in Figs 
2 and 4 should serve as an indication of the probable 
results of blending and should also state the limits 
beyond which one cannot increase the density. The 
straight line represents perfection which we can 
approach but not attain. 

Figure 5 is such a plot. The substitution of the 
“perfect fit” particles (after Fig. 2) are shown as 
solid lines. Experimental data points are connected 
by the broken line. The dry material was vibrated 
and tapped to “maximum” density. Each point repre- 
sents an average of 5 to 10 experiments having a 
spread of not more than + 0.6 per cent solid. The 
No. 60 Ottawa sand (washed and dried) packed to 
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Fig. 6—Sieve distribution, Ottawa sands. 


0.57 cc/gm and the minus 200 mesh silica flour to 
0.60 cc/gm. 

“Perfection”, described as being a perfect fit of 
large and small particles, occurs at about 25 per cent 
silica flour; 0.433 cc/gm, 2.31 gm/cc, 87.4 per cent 
solid. Even with «0 interference between Jarge and 
small particles we cannot achieve greater density. The 
actual maximum was reached at about 30 per cent 
silica flour; 0.476 cc/gm, 2.10 gm/cc, 79.5 per cent 
solid. 

It is significant that even at the lowest percentage 
of silica flour used, 10 per cent, the original packing 
of the sand was changed to a significant degree. Fur- 
ther additions, served to increase the distance between 
sand grains to such an extent that more silica flour 
could be fit in than would have otherwise been pos- 
sible. This caused the maximum density to occur at 
the higher than predicted percentage of silica flour. 


MATHEMATICAL MODELS OF PARTICLE PACKING 
IN PRACTICES MENTIONED 

This example was repeated for various distributions 
of sands. Using sands only (no flour), density increases 
greater than one per cent were rare. Data from the 
above cited experiment, along with data from other 
mixtures, are shown in Figs. 6, 7, and 8. 

This emphasizes the need for a means to evaluate 
the “fit” of the various sizes of particles. Mathematical 
means for determining the sizes that will most prob- 
ably fit, and the amounts of each size to use, are the 
subject of other papers. For those preferring a simple 
method, the described graphical approach allows rapid 
approximation of results to be expected from blending, 
with a minimum amount of data. In addition, it is 
possible to define the degree to which grains do “fit”. 

For example, Fig. 5 predicts a decrease in specific 
volume of 0.140 cc/gm at 25 per cent silica flour. The 
actual decrease was 0.097 cc/gm. The fit might well 
be described as 0.097/0.140 or 69 per cent. If the 
use of density is preferable the corresponding value 
is 63 per cent. 

Because this definition of “fit” is based on actual 
results it must be present in one form or another in 
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any method of calculation if that calculation is to give 
usable results. 


SUMMARY 


Mathematical models, illustrated by graphs, are pre- 
sented describing particle packing for cases of: 

1. Imperfect packing resulting from inability to re- 
position particles exactly as in the original solid 
mass. 

2. Loss or discarding of particles making it impos- 
sible to reconstruct the original solid mass. 

8. Decrease in apparent density (increase in ap- 
parent specific volume) caused by decreasing 
particle size. 

Using these models, a method is developed for 
describing: a) The “perfect” fit of two different groups 
of particles assuming no interference between the 
groups and, b) a proposed definition of “fit” as the 
ratio of actual packing density to the above described 
“perfect” fit. 

The method allows a rapid approximation of the 
results to be attained from blending two groups of 
particles with a minimum of data. 





PATTERN STANDARDS FOR PRACTICAL FOUNDRY USAGE 


By 


Ernest A. Geary* 


Competition and the ability to make a profit are 
undoubtedly the two strongest motivators in the 
growth, strength, and leadership of our great free 
enterprise economy. Competition decides the products 
that will be built, the materials that will be used 
to produce them, and the method of forming this 
material into the final product. We in the pattern 
business depend for our existence upon competitively 
acquiring the tooling requirements of the sand cast- 
ing industry. 

The number of patterns required by the industry 
will be decided by how many items this industry 
can offer the cheapest method of product manufac- 
ture. Whether we are a pattern jobber or a captive 
shop, the number of items that we are successful in 
acquiring will be dependent not only on how efficient- 
ly we operate our shop, but upon what type of 
pattern the foundry will require to produce the speci- 
fied casting. 

We all know that for any given part, the type of 
pattern, material, technique used in its construction, 
and accuracy required can vary widely for many 
reasons. 


PATTERN EQUIPMENT 


One of the reasons for the many different types 
of pattern equipment which can be built today is 
the continued effort on the part of the sand casting 
industry to acquire more and more items in compe- 
tition with other metal forming industries. The various 
techniques of making the sand mold by mechanical 
methods such as jolt-squeeze, sand slinger, blowing, 
diaphragm squeeze, and shell molding, have been 
utilized by the industry toward the reduction of their 
casting cost. 

The elimination of more and more hand operations 
by the application of automatic devices and controls 
has improved the competitive position of castings, 
but it has had its effect upon the patternmaking 
business also. 

The various techniques for making the sand molds 
definitely affect the pattern shop if they are to build 
suitable production patterns. A pattern built for a 
jolt-squeeze ramming method for any given design 


*Westinghouse Electric Corp., Trafford Foundry, Trafford, Pa. 


will have a different total mold production life 
than the same pattern if a sand slinger is used to make 
the mold. Similarly, the introduction of mechanization 
and automation both in the foundry and the machine 
shop affects the type of pattern that can be built 
to satisfy a given casting design. 

The rigging of any pattern for a mechanized unit 
results in costs which are in addition to the actual 
casting shape. As hand operations are eliminated in 
the foundry, the pattern shop must provide the pat- 
tern with features that were not required in the 
heap-sand foundry. As mechanization increases in 
the foundry the pattern becomes more elaborate and 
more costly to produce any given casting. 


MOLD MAKING IMPROVEMENTS 


Thus the foundry that makes improvements in its 
mold-making procedures in order to make its castings 
cheaper will many times find itself restricted to high- 
er activity items because of the increased pattern 
costs required to tool its mechanized units. 

The obvious result of this situation is the criticism 
of the pattern shop by the foundry for its inability 
to obtain new work because the pattern costs are 
too high. Sometimes this is undoubtedly true, but it 
is also true that the foundry in its intense desire to 
have a low casting cost will attempt to make castings 
on mechanized units whose activity does not justify 
the pattern expenditure required to tool the unit. 

For example, the expenditure of 20 dollars for an 
attached gate on a pattern which we will assume to 
reduce the casting cost five cents means that the 
foundry must make at least 400 castings before the 
effect of this expenditure can be justified to the ulti- 
mate casting customer. If the gains that are obtained 
in the foundry by mechanization are thus nullified 
by the increased pattern costs, the net result of prog- 
ress will not be realized by the sand casting industry. 

Pattern shops have realized this situation and in- 
deed, great strides have been made in the use of 
new materials such as plastics, better use of existing 
materials, and improved methods used in the form- 
ing of these materials into the desired shape. Our 
continued efforts along these lines will benefit the 
competitive application of more mechanization in the 
foundry which will help the entire industry. 
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Any attempt on our part to better our pattern 
competitive position by lowering our quality stand- 
ards can only perform a disservice to ourselves, the 
foundry and the industry. We must keep pace with 
the efforts of the foundry by supplying more elaborate 
patterns at reduced costs which satisfy the required 
production requirements of the part. 

The request for pattern quotations received by the 
pattern shop may contain a wealth of information sup- 
plied by both the foundry and the ultimate casting 
user or it may consist of the simple statement, “Quote 
pattern to produce above part.” With the many 
different types of patterns of various materials that 
can be made today, the buyer who is interested in 
acquiring several quotations can be assured of a wide 
spread between the high and low bidder by using 
the above-mentioned phrase. 

Since in many cases the actual pattern is retained 
by the foundry and never seen by the actual pattern 
purchaser, the selection of the best value from an 
overall cost standpoint can seldom be known. 


SAFETY MARGIN 


Since in many cases a true evaluation could not 
be made even if the actual pattern was examined, 
it becomes a matter of record as far as the buyer is 
concerned that the pattern for a given part is in 
existence and the routine ordering of castings fol- 
lows. Many casting users feel that once a pattern 
has been produced, castings can be ordered indefi- 
nitely without further expenditures on their part. This 
can result in the foundry supplying castings for years 
from a pattern which was built to produce the quan- 
tity on the original order with very little safety 
margin. 

If the foundry finds this situation untenable, it 
may approach the customer for major repair money 
or for complete replacement of the pattern and read- 
ily obtain it. On the other hand the foundry may 
be criticized for maltreatment of patterns or may 
have to relinquish some of the profit margin in order 
to offer the customer a “cost reduction” to justify 
the replacement pattern expenditure. 

Certainly this is not such an unusual chain of 
events that everyone of us cannot recall where diffi- 
culties with pattern equipment could be traced di- 
rectly to lack of sound information when the pattern 
was originally quoted and constructed. When good 
information is supplied regarding the life of the de- 
sign, normal ordering quantities, and normal yearly 
activity with the pattern quotation request, the casting 
user, foundry and pattern shop all benefit from the 
advances. the industry has made in its methods. 


PATTERN STANDARDIZATION 

We all know that a pattern for producing one 
casting per year is entirely different than a pattern 
for producing 1,000 castings per day. While this is 
obvious, does not the same principle apply to cases 
where the difference between quantities is not so 
marked? I think we can all agree that the anticipated 
activity of a part is a large factor in deciding what 
type of pattern should be built and as such, becomes 
a contributing factor in any attempt to standardize 
patterns. 
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As an approach toward standardization of patterns 
by the amount of castings required, the author's com- 
pany uses a system of pattern classification which 
directly relates pattern type with activity. With this 
system there are five classes of pattern equipment to 
designate to our customers the types of pattern 
equipment which can be built. Class One pattern 
equipment is designated as low cost equipment, usu- 
ally made for one or two castings and the pattern 
is destroyed when notification is received that the 
castings produced from it have been accepted. When 
a customer specifies this type of activity, the pattern 
shop is only required to build the required shape 
as cheaply as possible, and the foundry gains the 
added advantage of not having to store the pattern 
or maintain it over an appreciable period of time. 

A Class Two pattern is also usually a loose wood 
pattern. However, in this case the pattern is built 
with an anticipated life of 10 years. The activity for 
this classification is in the 5-10 castings per year 
category, which means the pattern must be built for 
a total production of from 50-100 castings. When a 
customer indicates that he wants a pattern for one 
large initial order with a possibility of small future 
activity, Class Three equipment is usually built. 

A typical example of this category would be a ma- 
chine-mounted wood pattern rigged for a specific 
molding unit and gated to foundry specifications. The 
activity figures for this classification of pattern may 
range from 100-250 pieces on the first order, with 
50-60 castings per year afterwards for 10 years. This 
means that the pattern must be built for a total of 
from 600-850 castings. 

Class Four pattern equipment is designated for 
low activity, long-life items for which a hardwood 
pattern mounted for machine molding, gated to 
foundry specifications, and reinforced with metal on 
the high wear areas is usually built. The activity 
of items in this category is usually 100-300 castings 
per year with a 10 year life. This means the pattern 
must be built to produce a total of from 1,000-3,000 
castings. 

Finally, Class Five pattern equipment is designated 
for high-activity long-life designs for which metal 
equipment is usually built. The activity figures of 
this type of pattern equipment are only limited by 
the production limitations of the foundry molding 
equipment. 

Coupled with this program of classifying patterns 
by activity is the maintenance policy which is afford- 
ed our customers based upon this system. All repairs 
necessary to maintain the pattern capable of pro- 
ducing commercially acceptable castings, as speci- 
fied by the part’s engineering drawing, are assumed 
by the foundry for the Class Two, Three, and Four 
categories for the normal life expectancy of the pat- 
tern class. 

Maintenance of Class Five equipment is assumed 
by the foundry on a permanent basis, which includes 
the replacement of the pattern when it can no longer 
be used for casting production. When the normal 
life expectancy of the Class Two, Three, and Four 
patterns has expired, and the pattern can no longer 
be economically repaired, replacement requests are 
entered against the casting customer. 
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It is felt that there are many advantages to be 
realized by this system of standard pattern classifi- 
cation as the author’s company uses it. The buyer is 
made more aware of the importance placed on the 
life of the design and activity figures which he sup- 
plies on his requests for quotation. He more fully 
realizes the many types of pattern equipment that 
can be built for any given design, and what can be 
expected from various representative types. 


PATTERN MAINTENANCE 


The pattern maintenance policy offers the buyer 
an incentive to obtain accurate activity figures from 
his organization, since he cannot easily ignore or 
deny replacement pattern requests received because 
the foundry acted on erroneous information which 
he supplied. Finally, it gives the buyer a better 
tool to evaluate competitive pattern quotations be- 
cause he knows the prices submitted are for a pat- 
tern capable of producing a specified number of cast- 
ings. 

With this system the pattern shop is given quite a 
bit of freedom in the selection of construction tech- 
niques and materials within the total production fig- 
ures of the various classes. The ingenuity of the pat- 
ternmaker is not restricted to the extent that he must 
use the same material for the pattern of a heavy- 
sectioned casting as he would for a relatively fragile 
casting. 

The system promotes a better understanding in the 
pattern shop of the problems faced by foundry per- 


Pattern Standards 


sonnel on specific designs. The relative value of dif- 
ferent construction methods, and new pattern mate- 
rials, can be evaluated more effectively because of 
the foundry’s responsibility under the pattern mainte- 
nance policy. 

It is felt at the author’s company that the foundry 
benefits from this system by receiving patterns built 
to run on its units and designed to produce the re- 
quired number of castings during the life of the de- 
sign. The foundry is made aware of the problems 
relating to patternmaking and how they can affect 
the foundry. It promotes a spirit of cooperation be- 
tween pattern shop and foundry in the use of new 
materials and methods for patterns, which will en- 
able the pattern shop to reduce its pattern costs. 

Finally, it helps the foundry understand how re- 
quests for better pattern equipment than that needed 
to produce the specified number of castings can only 
hinder the foundry’s acquisition of new work for 
their molding units. 

This system of pattern standards has been adopted 
by the author’s company as an approach to better 
understanding between casting user, foundry, and 
pattern shop. This has been accomplished with a mini- 
mum of restrictions to competitive bidding, which is 
a basic requirement of any standardization program 
if it is not to stifle the industry. It is felt that it has 
enabled the author's company to make better pat- 
terns, to produce more consistent castings, for a longer 
period of time. Can it do the same for you? 





SHELL MOLDING SURVEY 


A REPORT OF THE SHELL MOLD AND CORE COMMITTEE (8-N)* 


INTRODUCTION 

A little over a year ago, the Shell Mold and Core 
Committee (then known as the Shell Mold Material 
Testing Committee) was at a point in its program 
where it needed some assistance from the industry 
to plan its future program so as to best serve the 
industry. Toward this end, the Committee prepared 
a questionnaire which was distributed to a mailing 
list prepared by the members of the Committee. The 
questionnaire was designed to fulfill two purposes: 
1) to compile a list of quality-control procedures 
used in shell-mold foundries to control the proper- 
ties of incoming materials, as well as the shell-mold- 
ing process; and 2) to compile a list of production 
difficulties encountered in shell molding with particu- 
lar emphasis on reasons for scrap castings. 

The questionnaire was mailed to 118 foundries. 
Twenty-seven reported data out of 36 respondents. 
Seven reported they did no shell molding. Two re- 
turned blank questionnaires. The data received have 
been tabulated and the pertinent results are covered 
in this report. 


GENERAL FOUNDRY INFORMATION 


Of the foundries reporting, 7 employed fewer than 
100 people, 5 were in the 100-200 range, and 15 
employed over 200 people. In reply to the question 
on the type of foundry operation, 8 reported captive, 
16 jobbing, and 2 a combination of captive and job- 
bing. Sixteen foundries were in full shell-molding 
production, 7 in the pilot stage, and 4 in the devel- 
opment or experimental stage. The report on the 
types of metal poured showed that most foundries 
were pouring gray iron into shell molds. The break- 
down by metals is given in Table 1. 


SHELL-MOLD PRODUCTION DATA 

To get an idea of the types of castings being 
made and the details related to the production of 
the castings, the foundries were asked to report the 
pertinent data for a typical casting. They were asked 
the end use of the casting, the number of castings 
per mold and weight per mold, pattern, mold, and 
core data, as well as the dimensional tolerances and 
the reason shell molding was used for this typical 
application. 


*8-N Committee Members: N. Sheptak, J. E. Bolt, G. L. 
Reynolds, R. J. Cowles, A. L. Graham, F. W. Less, 
R. J. Mulligan, R. A. Rabe, J. G. Smillie, W. H. Dunn, 


T. V. Linabury, R. E. Melcher, E. I. Valyi, J. M. Verdi. 
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As has been reported in other surveys on shell 
molding, the end use of the shell-molded castings 
covered a wide range of applications. Casting weights 
were reported from a minimum 0.02 Ib to a maximum 
151 Ib. The majority of the applications reported 
were under 10 lb. The number of castings per mold 
varied from 1-80. The minimum casting section thick- 
ness reported was 1/16-in., while many reported 1/8- 
in. in all metals. Shell-mold thicknesses varied from 
1/8-1/2-in. Sixty-three per cent of the foundries 
used shell cores, one-quarter of them using some type 
of wash on the cores. 

Cast iron was the favored pattern material, pre- 
ferred by 56 per cent of the foundries. Aluminum 
and steel were equally favored by 11 per cent of the 
foundries, while 15 per cent reported using combi- 
nations of metals for patterns. A silicone release agent 
was used by 85 per cent of the foundries, the bal- 
ance using some type of wax for release. 

The dimensional variation within a mold half was 
reported from a low of +0.001 in. per in. to a high 
of +0.025 in. per in. Most foundries reported a vari- 
ation of +0.005 in. per in. Variation across the parting 
line varied from +0.003 in. per in.-+0.125 in. per 
in. with the majority reporting in the range +0.005- 
0.015 in. per in. Variation around a shell core ranged 
from +0.004 in. per in.-+0.020 in. per in. 

Improved surface finish was the reason reported 
by 37 per cent of the foundries for turning to shell 
molding. Next in the order of importance were ability 
to cast to closer dimensions and the elimination or 
reduction of machining, each reported by 26 per cent 
of the respondents. Other reasons cited were cost 
reduction (15 per cent) and increased production 
(11 per cent). 


SAND AND SAND-RESIN MIXTURES 


All types of new sand were reported being used 
for shell molding. Two-thirds of the foundries pur- 
chased dried sands. Round, sub-angular, and angular 


TABLE 1—BREAKDOWN OF METALS POURED 
No. Foundries 
16 





Metal 


Gray Iron 
sa — Iron 
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Stainless Steel 
Magnesium 
uminum 
Brass and Bronze 
Special Alloys 
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grain sands were all used, with a preference being 
shown for sub-angular grain shape. The sands were 
described as 3 and 4 screen sands, with AFS GFN 
in the range of 81-110 most popular. Most of the 
foundries had some purchase specification on clay 
content of the sand. 

Dry blends of sand and resin were reported used 
by 48 per cent of the foundries while 52 per cent 
reported using cold-coated mixtures and 19 per cent 
hot-coated mixtures. The use of additives to the sand- 
resin mixture was limited to a few foundries. The 
dump box method of investment was most widely 
used for shell molds while most shell cores were made 
by blowing. 

QUALITY CONTROL 

Sand. Sieve analysis was used by 59 per cent of 
the foundries for controlling the quality of incoming 
sand. Forty-one per cent analyzed for clay. Other 
control tests used were moisture content and loss on 
ignition. 

Resin. No specific tests were used by the foundries 
for resin control. 

Resin-Sand Mixture. Thirty per cent of the found- 
ries used the 1/4-in. thick tensile strength specimen 
for controlling the mixtures. Several foundries report- 
ed using flexural strength, scratch hardness, and cure 
time as controls ‘on the mixture. The 8-N tentative 
standard tensile test method was used by 15 per cent 
of the foundries. 


Shell Mold Survey 


Shell Mold Production. The color of cured shell 
molds was the most widely used production control. 
Eighty-five per cent of the foundries used some sort 
of color test. Next in order of preference were mold 
thickness tests (70 per cent) and mold weight tests 
(67 per cent). 

One-half of the respondents indicated that new 
tests were necessary for coated resin-sand mixtures. 
Among the tests suggested were hot expansion, crack- 
ing tendency, hot tensile, cure, investment rate, hot 
and cold flowability, hot transverse, and flexural. 


PRODUCTION PROBLEMS 


Mold cracking and casting surface defects were 
listed as the most prevalent reasons for scrapped 
castings. In the order of decreasing frequency of men- 
tion, the problems reported were mold cracking, 
surface defects, stripping breaks, parting line bond 
failure, cold shuts, runouts, swells, burned-in sand, 
inclusions, and mold distortion. 


FUTURE COMMITTEE WORK 


As a result of the questionnaire survey, the Shell 
Mold and Core Committee 8-N has undertaken a 
study of the problem of mold cracking, which is a 
function of mold-wall movement or the thermal shock 
characteristics of a sand-resin mixture. Toward this 
end, the Committee is accuraulating data on various 
hot-expansion tests as well as information on hot- 
tensile tests. It is hoped that out of this study will 
develop recommendations and tests for the elimina- 
tion and control of mold cracking. 
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FORMATION OF UNDERCOOLED GRAPHITE IN CAST IRON 


I. Igarashi*, G. Ohira**, K. Ikawa*** and T. Horigome**** 


ABSTRACT 


An investigation was made to determine whether un- 
dercooled graphite solidified directly from the melt or 
decomposed from ledeburite. It was found that both 
processes may occur according to circumstances. The ef- 
fect of carbon, silicon, and other elements on graphite 
formation was studied, and the formation of undercooled 
graphite from liquid metal was discussed. Also, the de- 
composition of ledeburite to graphite was investigated 
and discussed, with particular reference to the effect of 
silicon. 


INTRODUCTION 

The mode of formation of undercooled graphite in 
cast iron has been discussed by many investigators, 
but, probably due to lack of sufficient experimental 
data, there is as yet no accepted description of its 
formation mechanism. There is divided opinion as to 
whether undercooled graphite is a decomposition pro- 
duct of ledeburite or a direct solidification product 
from the melt. 

Morrogh and Williams', Berman*, and Shaw and 
Kondic* state that undercooled graphite is a product 
of ledeburite, while Hultgren and his co-workers* 
maintain that it solidifies directly from the melt and is 
often followed by ledeburite formation. Scheil® agrees 
with the latter view. 

This paper deals with the mechanism of solidifica- 
tion of cast iron, and whether undercooled graphite 
solidifies from the melt, or forms by the decomposi- 
tion of ledeburite. 


EXPERIMENTAL PROCEDURE AND RESULTS 


Carbon Content and Graphite Structure of Iron-Car- 
bon Alloys 

When cast iron or an iron-carbon alloy containing 
a certain amount of carbon is cooled slowly from the 
melt, large flake graphite appears. When cooling is 
more rapid, the graphite structure is fine, and under- 
cooled graphite or white iron may be present, depend- 
ing upon the cooling rate. 

The structure of graphite is influenced not only by 
the cooling rate but also by the carbon content. To 
study the influence of carbon, small samples (40 
grams) of pure iron-carbon alloys containing 3.0, 3.5, 


*Professor Emeritus, **Professor, and ***Research Assistant, 
Department of Metallurgy, Tohoku University, Sendai, Japan. 
*°°®Research Associate, Fuji Iron Works, Kamaishi, Japan. 
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3.8, 3.9, 4.1, and 4.3 per cent carbon, respectively, were 
made from electrolytic iron and electrode carbon. The 
cooling curves for these alloys are shown in Fig. 1. 
Supercooling and maximum temperatures of the eutec- 
tic reaction are shown in Fig. 2 as a function of 
carbon content. 

Specimens were quenched at the beginning of and 
during the eutectic reaction to investigate the solidi- 
fication mechanism. 

The specimen containing 3.0 per cent carbon, 
quenched at the start of the reaction (Fig. 3) had so 
many primary dendrites of austenite that the eutectic 
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Fig. 1—Cooling curves of 40-gram samples of pure iron- 
carbon alloys containing 3.0, 3.5, 3.8, 3.9, 4.1, and 4.3 per cent 
carbun made from electrolytic iron and electrode carbon. 
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Fig. 2—Supercool- 
ing and maximum 
temperatures of the 
eutectic reaction as 
a function of car- 
bon content. 
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Fig. 3—Structure of 3.0 per cent carbon-iron quenched at 
the beginning of the eutectic reaction. Eutectic reaction is 
restricted by primary dendrites of austenite. Picral etch. 30X. 





reaction was restricted. A mossy-type graphite is pre- 
sent, which apparently reverts to E-type (some to 
D-type) during solidification. When cooling was slow, 
mossy graphite converted to flaky-type graphite even 
at the beginning of the eutectic reaction. 

Some interesting features are evident in the micro- 
structures of the alloy containing 3.8 per cent carbon. 
After quenching at the beginning of the eutectic 
reaction, fine supersaturated austenite in the form of 
willow leafs is evident in the primary austenite, which 
is contained in the ledeburite matrix (Fig. 4). It 
could not be determined whether the faint lines on 
the midribs of the leaf-shaped austenite were graphite 
or cementite. In specimens quenched from later stages 
in the eutectic reaction, graphite flakes developed and 
grew in size along the central ribs of the willow-leaf 
austenite (Fig. 5). 

The structure of the specimen containing 4.1 per 
cent carbon, quenched at the beginning of the eutect- 
ic reaction, is shown in Fig. 6. First, the austenite 
dendrites appeared, then the willow leaf-shaped aus- 
tenite (super-saturated with carbon) crystallized out 
from the primary dendrites. This was followed by the 
separation of graphite along the midribs. 
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Fig. 5—Structure of 3.8 per cent carbon-iron quenched dur- 
ing the eutectic reaction. Graphite flakes developed and 
grew in size in the austenite. Picral etch. 65X 
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Fig. 4—Structure of 3.8 per cent carbon-iron quenched at the 
beginning of the eutectic reaction. Fine supersaturated aus- 
tenite is evident in the primary austenite contained in the 
ledeburite matrix. Picral etch. 65X. 


The structure of the alloy with 4.3 per cent carbon, 
quenched at the beginning of the eutectic reaction, 
is shown in Fig. 7. Since there were only a few 
dendrites of austenite, the willow-leaf austenite could 
not develop. Instead, globules of eutectic cells con- 
taining undercooled graphite appeared. They first ap- 
peared on the outer layer next to the melting tube, 
then grew along a solid front which proceeded inward. 
New-born globules preceded the front. 

Eutectic cells were generally globular in the speci- 
mens with undercooled graphite. On the rim of the 
cells some fine graphite was in direct contact with 
ledeburite. On the other hand, eutectic colonies of 
flake graphite were shaped like gathered leaves; the 
graphite flakes never extended into ledeburite. From 
these observations, it appears that undercooled graph- 
ite is a product of simultaneous or of rapid alternating 
deposition of graphite and austenite, while flake graph- 
ite is a later deposition in supersaturated austenite. 

The eutectic cells or colonies were counted in the 
specimens quenched at the beginning of the eutectic 
reaction (Fig. 8). The graphite fineness increased as 


Fig. 6—Structure of 4.1 per cent carbon-iron quenched at 
the beginning of the eutectic reaction. First the austenite 
dendrites appeared, then the austenite crystallized out from 
the primary dendrites. Picral etch. 30X. 
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Fig. 7—Structure of 4.3 per cent carbon-iron quenched at the 
beginning of the eutectic reaction. Globules of eutectic cells 
containing undercooled graphite can be seen. Picral etch. 
30X, 


the colony-count increased, but the amount was re- 
lated to the ratio of primary austenite to eutectic. 


Effect of Silicon on the Graphite Structure 

Silicon is a remarkable graphitizing element. Addi- 
tion of a small amount of silicon to the pure iron-3 per 
cent carbon alloy changed the graphite from a mossy 
type to a flake form. Increasing silicon resulted in 
more eutectic colonies of flake graphite if the cooling 
rate was moderate. Figures 9 and 10 show the number 
of eutectic colonies in the specimens quenched 20 sec 
after the beginning of the eutectic reaction. 

When the carbon content was high, the addition of 
silicon promoted eutectic cells of undercooled graphite 
if the cooling was rapid. This may be attributed, in 
part, to the fact that silicon raised the carbon equiva- 
lent, thus lessening the amount of primary austenite 
dendrites. At a carbon level of 3 per cent and a 
critical amount of silicon (greater than 3 per cent), 
undercooled graphite instead of ledeburite was evident 
in specimens quenched during the eutectic reaction.* 


Effect of Mn, Cr, W, and Mo on Graphite Structure 

At a carbon level of 3.8 per cent, the cooling curves 
of Fe-C-Mn alloys containing less than about 2.5 per 
cent manganese were similar to the pure iron-carbon 
alloy. The structures of the continuously-cooled alloys 
were also similar. 


*Undercooled graphite was also obtained in 3 per cent carbon 
irons when the aluminum content exceeded 3 per cent, and the 
nickel content exceeded 10 per cent, respectively. 
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alloys quenched 20 
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Fig. 8—Number of 
eutectic colonies or 
cells in carbon-iron 
alloys quenched at 
the beginning of 
the eutectic reac- 
tion. 
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Fig. 9—Number of eutectic colonies or 
cells in 3.0 per cent carbon-iron-silicon 
alloys quenched 20 sec after the start of 
the eutectic reaction. 


When the manganese content exceeded about 2.5 
per cent, the shape of the cooling curves changed, 
as shown in Fig. 11. From microstructural examination 
of specimens quenched from various steps in the 
cooling period, the sequence of solidification appeared 
to be as follows. After primary crystallization of 
austenite the first eutectic reaction set-in over a period 
of time, followed by a sudden temperature rise signal- 
ling the start of a second eutectic reaction. The first 
eutectic corresponded to the iron-graphite reaction; 
the second eutectic to the ledeburite reaction. At man- 
ganese levels greater than about 3.5 per cent, only the 
second eutectic reaction was evident. 
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Fig. 11—The cooling curves changed when the manganese 
content exceeded about 2.5 per cent, as evident in the 
cooling curves for 2.0, 2.8, and 3.8 per cent manganese. 








Fig. 12—Structure of Fe—3.8 per cent C—0.6 per cent Cr 
alloy quenched after the second eutectic reaction. Graphite 
flakes appear to extend into the cementite. Picral etch. 130X. 


The two-step eutectic reaction also occurred with 
the iron-3.8 carbon-base alloy when chromium or tung- 
sten additions exceeded 0.2 per cent, or when molyb- 
denum additions exceeded 2 per cent. In some speci- 
mens the sudden temperature rise associated with 
ledeburite formation (second eutectic reaction) re- 
sulted in a remelting of the surroundings of the graph- 
ite flakes in the willow-leaf austenite, and the graphite 
flakes then appeared to extend into the cementite, 
as shown in Fig. 12 for an Fe-3.8 C- 0.6 Cr alloy. 


Effect of Oxygen and Sulfur on Graphite Structure 
The effect of oxygen and sulfur additions to cast 
iron containing 3.3 per cent carbon and 0.8 per cent 
silicon was investigated. Oxygen was added as iron 
oxide, and sulfur as iron sulfide. The number of eutec- 
tic colonies or cells as a function of the impurity 
additions is plotted in Figs. 13 and 14. Both oxygen 
and sulfur promoted the formation of globular eutectic 
cells of undercooled graphite, and suppressed the nu- 
cleation of supersaturated austenite from which flake 
graphite forms. In addition, deposition of globular 
eutectic cells of undercooled graphite was promoted. 
This may be due to enrichment of oxygen or sulfur 
around the dendrites of primary austenite, thus re- 
tarding the nucleation of supersaturated austenite. 
These globules were scattered in the liquid of speci- 
mens quenched during the eutectic reaction Fig. 15. 


Undercooled Graphite Formation 


Fig. 15—Structure of 3.4 per cent carbon-iron alloy (2 per cent 
iron sulfide) quenched during the eutectic reaction. Globular 
eutectic cells of undercooled graphite are scattered in the 
liquid of the specimens. Picral etch. 65%. 


Effect of Selenium, Tellurium, and Bismuth 

Forty grams of an iron-carbon alloy containing 3.5- 
3.8 per cent carbon were cooled from the melt. The 
cooling curve is shown in Fig. 16. By metallographic 
examination of interrupted quenched specimens, the 
solidification process was considered to be: 

a-b: primary austenite crystallizes. 
b-c: eutectic reaction of flake graphite. 

When the proper amount of selenium, tellurium, or 
bismuth was added to the alloy, the cooling curve was 
altered to the shape shown in Fig. 17. A mottled 
structure was obtained, showing an inverse chilled 
structure with undercooled graphite in the outer layers 
and ledeburite in the central part. The solidification 
process of the quenched specimens is considered to 
be as follows: 

d-e: primary austenite solidifies. 
e-f: undercooled graphite forms in the outer 
layer. 
f-g: ledeburite reaction begins. 
g-h: ledeburite formation. 
The process is similar to that of mottled iron composed 
of flake graphite and ledeburite. 

The fact that undercooled graphite is formed di- 
rectly from liquid prior to the ledeburite reaction was 
also observed in the iron-carbon-silicon alloy whose 
composition was similar to that of a soft gray iron. 
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Fig. 13—Left—Number of eutectic col- 800 T T T 
onies or cells vs. oxygen addition in Fe- 
3.3 per cent C-0.8 per cent Si alloy. 
Oxygen, added as iron oxide, promoted 
the formation of globular eutectic cells 
of undercooled graphite (as did the sul- 
fur addition, Fig. 14). 
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Fig. 14—Right—Number of eutectic col- 
onies or cells vs. sulfur additions in Fe- 
3.3 per cent C-0.8 per cent Si alloy. 
Sulfur, added as iron sulfide, suppresses 
the nucleation of supersaturated auste- 

nite from which flake graphite forms (as 5 : 

did the oxygen addition, Fig. 13). Addition of iron sulphide (%) 
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There was shell- and spheroidal-type graphite in the 
alloy when selenium or tellurium were present. Form- 
ation of these types of graphite seemed to have some 
connection with that of undercooled graphite. 


Decomposed Graphite in End-Chilled Specimen. 
Three hundred grams of charcoal pig iron (4.22 per 
cent C, 0.48 per cent Si, 0.26 per cent Mn, 0.016 per 
cent S, 0.072 per cent P) were melted, and silicon 
added as 75 per cent ferrosilicon. It was poured at 
1400 C in a green-sand mold with a chill block at the 


bottom. The size of the casting was 30 X 15 x 100 
mm. (A vertical fracture was observed after casting. ) 

The depth of the chilled and the mottled layer 
decreased with increasing silicon, Fig. 18. Above 1.0 
per cent silicon a dusky fine-grained layer was noted 
adjacent to the chilled edge, as shown in Fig. 19. This 
layer contained fine graphite, Fig. 20. 

The charcoal pig iron with 1.0 per cent added silicon 
was cast into the mold, and 15, 20, and 25 sec after 
pouring, the metal and mold was quenched in water. 


Fig. 19—Fracture of quenched specimen of charcoal pig iron 
with 1.0 per cent Si added. 4/5X. 
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Fig. 17—Cooling curve of Fe—3.6 per cent C alloy with 
selenium, tellurium, and bismuth additions. d-e: primary 
austenite solidifies; e-f: undercooled graphite forms in the 
outer layer; f-g: ledeburite reaction begins; g-h: ledeburite 

formation. 
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The fractured specimens are shown in Fig. 19. In the 
specimen quenched after 15 sec, the depth of solidi- 
fication extended 9 mm from the chilled bottom, 8 
mm of which was white iron with a small amount of 
graphite at the top. After 20 sec, 11 mm had solidified, 
8 mm of which was white iron and the rest mottled. 
After 25 sec, 45 mm had solidified; a 5-mm zone at the 





> 
o 


°o 


Fig. 18—The depth 
of the chilled and 
the mottled layer 
decreased with in- 
creasing silicon 
content. 
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iron, 1.0 per 
cent Si added. The dusky fine-grained layer adjacent to the 
chilled edge contains fine graphite. Picral etch. 240. 





0.08 % Bi 


middle stage 
of eutectic 


bottom was white iron, followed by a 3-mm dusky 
layer and a mottled layer composed of undercooled 
graphite and a small amount of ledeburite. The lede- 


burite decreased with increased distance from bottom. 

The dusky layer was decomposed ledeburite. It is to 
be noted that in cast iron with a significant amount 
of silicon that ledeburite decomposes to graphite, and 
that the structure is similar in appearance to that of 
undercooled graphite but with a more mesh-like ap- 
pearance. 


Structure of Sand-Cast Iron Containing Bismuth 
Seven hundred grams of charcoal pig iron were 
melted, and various amounts of silicon and bismuth 
added. The melts were cast at 1350 C into cylindrical 
sand molds 80 X 40 mm diameter. A platinum-plati- 


Fig. 22—Structure of the outer layer of the charcoal pig 
iron, 0.6 per cent Si and 0.08 per cent Bi added, quenched 
during eutectic reaction. Picral etch. 65X. 


Undercooled Graphite Formatiun 


Fig. 21—Fracture of 
sand-cast specimens 
containing varying 
amounts of silicon and 
bismuth. 7/10. 


num rhodium thermocouple at the center of the mold 
was utilized in obtaining cooling curves. The fractures 
of the various castings are shown in Fig. 21. 

A specimen with 0.4 per cent silicon and 0.08 per 
cent bismuth additions was entirely white iron. When 
silicon was increased to 0.5 per cent, the outer surface 
had a white iron layer, followed by alternating layers 
of undercooled graphite and flake graphite. A similar 
structure was obtained with 0.6 per cent silicon and 
0.03-0.05 per cent bismuth additions. 

In a specimen with 0.6 per cent silicon and 0.08 
per cent bismuth additions, the outer layer consisted 
of undercooled graphite; the inner region was lede- 
burite, owing to the segregation of bismuth (Table 1). 

The latter alloy was melted and cooled to the eutec- 
tic temperature. During the eutectic reaction the speci- 
men was quenched in water. The structure of the 
outer layer consisted of white iron (Fig. 22) followed 
by an undercooled graphite layer and a core of eutectic 
cells of undercooled graphite which had solidified di- 
rectly from the melt (Fig. 23). The solidification of 
the outer layer proceeded first by the formation of 
columnar ledeburite, which later decomposed to 
graphite. In the core region, eutectic cells of under- 
cooled graphite solidified from the melt but were in- 
terrupted by ledeburite formation, owing to the seg- 
regation of bismuth. 


TABLE 1 — BISMUTH DISTRIBUTION 
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Distance from 
Surface, mm ' Bismuth 


0 - 25 
2.5- 5.0 
5.0-10.0 
10.0-15.0 
15.0-17.5 
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Fig. 23-Structure of the central part of the sand-cast char- 
coal pig iron, 0.6 per cent Si and 0.08 per cent Bi added, 
quenched during eutectic reaction. Picral etch. 65X. 


Graphite Formation during Heating at the Start of the 
Ledeburite Reaction 

Ledeburite may be decomposed by the heat of reac- 
tion. To study this reaction, iron-carbon alloys con- 
taining 3.8 per cent C were melted with silicon and 
bismuth (or tellurium) additions to promote inverse 
chill. Forty-gram specimens were melted and a ther- 
mocouple inserted in the center of each melt. As the 
specimen cooled, the thermocouple indicated when 
ledeburite was first forming in the central part. Im- 
mediately, heat was supplied to keep the specimen 
just below the eutectic temperature for 15 min. It 
was then quenched into water and metallographically 
examined to determine how the inverse-chilled lede- 
burite changed. 

In a specimen with 1.0 per cent silicon and 0.05 
per cent bismuth additions, there was no deposition 
of graphite. With 2.0 per cent silicon and 0.06 per 
cent tellurium additions, fine granular graphite was 
deposited on the boundaries of austenite and cementite 
(Fig. 24). In a specimen with 4.0 per cent silicon and 
0.06 per cent tellurium additions, almost all of the 
cementite decomposed to graphite (Fig. 25). In Fig. 
25 undercooled graphite is formed from the liquid, 


Fig. 25—Structure of carbon-iron alloy, 4.0 per cent Si and 
0.1 per cent Te added, held just below eutectic tempera- 
ture. Picral etch. 270X. 


Fig. 24—Structure of carbon-iron alloy, 2.0 per cent Si and 
0.06 per cent Te added, held just below eutectic temper- 
ature. Fine granular graphite is deposited on the austenite 
and cementite boundries. Picral etch. 65. 


resembling graphite formed by decomposition of led- 
eburite. The decomposed graphite in Fig. 25 was more 
mesh-like than the ordinary undercooled graphite. 
Some had the Widmanstatten structure as also noted 
by Simonsen and Brown® (Fig. 26), and some had 
traces of original cementite (Fig. 27). 


Decomposition of Ledeburite on Heating 

An iron-carbon alloy of 3.8 per cent carbon was 
melted with additions of 0.2, 0.4, and 0.6 per cent 
silicon and chill cast into an iron mold to form white 
iron. The alloy was heated below the eutectic tempera- 


ture for various times to study the graphitization 
reaction. 


In Figs. 28-31, the curve marked “A” pertains to a 
furnace-cooled specimen, the eutectic temperature ly- 
ing between 1118 C and 1135 C. The curves marked 
“B” refer to heating curves. Percentages in parentheses 
indicate the extent of graphitization. As evident, 
graphitization is facilitated by an increase in silicon. 
Microscopic observations revealed that graphite 
formed at high temperatures or formed in the high 


Fig. 26—Structure of carbon-iron alloy, 4.0 per cent Si and 


0.1 per cent Te added, held just below eutectic tempera- 
ture, showing Widmanstatten structure. Picral etch. 600X. 





Fig. 27—Structure of carbon-iron alloy, 4.0 per cent Si 
and 0.1 per cent Te added, held just below eutectic temper- 
ature, showing traces of original cementite. Picral etch. 600. 
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Fig. 28—Graphitization of 3.8 per cent 
carbon-iron alloy just below eutectic 
temperature. A-furnace-cooled specimen; 

B-heating curves. 
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Fig. 29—Graphiti- 
zation of Fe-3.8 per 
cent C-0.2 per cent 
Si alloy just below 
eutectic tempera- 
ture. A-furnace- 
cooled specimen; 
B-heating curves. 
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silicon alloys is rather mesh-like in appearance and re- 
sembles undercooled graphite. 


DISCUSSION OF UNDERCOOLED GRAPHITE 


There are two kinds of undercooled graphite, one 
solidifies directly from liquid metal; the other is a 
decomposition product of ledeburite. 

In normal cast iron, graphite is coarse and flaky, 
and unlike a typical eutectic constituent in appearance. 
The solidification process of normal cast iron is led 
by primary austenite supersaturated with carbon. 
When the process is interrupted, graphite deposits 
simultaneously with austenite, or as alternating layers, 
as eutectic globular cells directly from the liquid metal. 
This is known as undercooled graphite. Sometimes 
cell formation is arrested and supersaturated austenite 


Undercooled Graphite Formation 
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Fig. 30—Graphiti- 
zation of Fe-3.8 per 
cent C-0.4 per cent 
Si alloy just below 
eutectic tempera- 
ture. A-furnace- 
cooled specimen; 
B-heating curves. 
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Fig. 31—Graphiti- 
zation of Fe-3.8 per 
cent C-0.6 per cent 
Si alloy just below 
eutectic tempera- 
ture. A-furnace- 
cooled specimen; 
B-heating curves. 
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is developed around the cells, where flake graphite 
is precipitated in the form of rosettes. 

In mottled iron, undercooled graphite solidifies be- 
fore the ledeburite reaction, unless ledeburite is “seed- 
ed” by a chilling action. 

In cast iron containing appreciable silicon, ledebur- 
ite might decompose to graphite during solidification, 
particularly when the iron is forcibly solidified to white 
iron by a physical or chemical chilling action. Physical 
chill signifies rapid cool by the chill mold or a surface 
chill; chemical chill is promoted by the addition of 
tellurium or bismuth. 

Microscopic observation revealed that undercooled 
graphite formed from liquid has the appearance of a 
typical D-type graphite. Decomposed graphite is mesh- 
like and often contains granular, Widmanstatten, or 
other abnormal types of graphite. 
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CONSTRUCTION HINTS AND WEAR CHARACTERISTICS 
OF PLASTIC PATTERNS AND CORE BOXES 


By 


Victor E. Zang* 


As producers of railway-specialty steel castings, one 
of the author’s company’s products is a lightweight 
hopper-door frame for coal cars. This frame is a 
lightweight, thin casting, weighing approximately 150 
lb and occupies a mold 48 by 60 in. Considerable 
trouble with distortion has always been encountered 
and all patterns are counterwarped to produce a 
casting as true to the drawing as possible. 

In 1956, it was decided that an entirely new mold- 
ing technique should be used. This new technique 
was the use of a large-diaphragm molding machine. 
In experimental trials it was found that warpage of 
the castings molded in this manner was different from 
that of the previous molding method. The problem 
of revamping patterns to suit the new method ap- 
peared. As all previous patterns were made of hard 
bronze, it was found almost impossible to alter the 
patterns to suit the new method. 


WOOD MASTER PATTERNS 


New wood patterns, which could be referred to as 
masters, were constructed. These patterns only car- 
ried the normal steel shrinkage allowances. Trials 
were run to determine the correct warpage and engi- 
neering design necessary to produce a casting con- 
forming to the specifications. 

All engineering changes were made, and gating 
and risering were developed on the wooden pattern. 
It was then decided to utilize plastics in the duplica- 
tion of this equipment for production patterns. 

The work proceeded, with the assistance of one of 
the large epoxy resin producers, to make the first 
pattern—size, 48 by 60 in. With six men on the job, 
a drag section was produced in 30 consecutive hr. 

The completely engineered models were brought 
into the laboratory. They were sanded, lacquered, 
and waxed preparatory to making the plaster masters. 
The model was then prepared and waxed. It might 
be said here that the better the preparation of the 
model, the better the final product. - 

Normally at this stage a splash coat of high strength 
plaster would be started, working it into all corners 
to make sure it was free of bubbles. 
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On this particular series of frames, it was decided 
to use a plastic face on the master mold rather than 
a plaster face. The model was then sprayed with a 
polyvinyl separator. It was thought that the use of a 
plastic face on the master mold might serve to pre- 
serve it longer. 

Tie-down loops were put on after applying a few 
coats of glass cloth to reinforce the plastic face. 

After allowing the plastic to cure, which is gener- 
ally overnight, we placed a filler of plaster and hemp 
on the model to give support to the plastic face of 
the master mold. The tie-down strips help to hold 
the face to the plaster backing. 

The hemp worked into the tie-down strip. A lift- 
ing frame was applied to the master mold so that it 
could be handled. 

After setting up, the master mold was separated 
from the model, cleaned up, and given a coating 
of polyvinyl-alcohol separator. 

At this stage we might say that we used polyvinyl 
separators and various waxes, as well as a new sep- 
arator. All separators and waxes were found to be 
equally satisfactory. 

The completed master mold was given a coating 
of polyvinyl-alcohol separator. The finest surface ob- 
tainable at this stage will result, of course, in the 
finest surface on the ultimate pattern. 


SURFACE COAT 


After waxing and polishing the surface, the appli- 
cation of the surface coat is begun. The application 
was started with the surface, or jell, coat. 

After the jell coat became tacky, and a few appli- 
cations of laminating plastic and glass cloth were ap- 
plied, a steel framework was set. This framework 
was designed for this particular pattern. The frame- 
work had heavy cross braces with ample holes cut 
through for tying in the backing material. Exten- 
sions were built on the metal framework to carry the 
flask pins. 

After securing the metal frame to the master mold, 
the application of laminates of glass cloth and lami- 
nating plastic was continued. 

Glass cloth and reinforcing rods were then forced 
down into the ribs of the pattern during the laminat- 
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ing process. The plastic was built up at the reinforc- 
ing bars so that it rested on and was tied to the 
reinforcing bar. Loops of glass cloth soaked in plastic 
were also placed about for the final tie-in to the 
backing material. 

The plastic face was lashed to the reinforcing bars. 
After the plastic had completely set overnight, the 
filling of the frame was begun. On these particular 
patterns, the pattern board, or block, must be of a 
given thickness, as these diaphragm machines are not 
easily adjustable to height. Since this is such a large 
pattern a filler of plastic would be expensive, so 
we resorted to a filling of plaster and hemp. This 
was found to give us good service in this type of 
operation. 


PLASTER AND HEMP FILLER 


A filling of plaster and hemp would not be recom- 
mended for jolt plates. The filler was also tied into 
the reinforcing bars. Before applying the hemp to the 
pattern it is soaked in the plaster. 

The filling was brought up along the reinforcing 
bar and arched through the cavities to give the maxi- 
mum support. After the plaster had completely set, 
the excess was removed down to the reinforcing bars 
to provide a level surface and even support for the 
pattern on the platen of the machine. 

Then separation was started. Since this is a pretty 
large and husky job, it was placed under the crane 
for separation. The start of the separation was accom- 
plished by driving wedges between the master mold 
and the frame. After a slight start, the separation is 
easily accomplished. The pattern is then returned to 
the laboratory for cleaning up. 

From early experience on the experimental pattern, 
it was found highly desirable to have a good sup- 
porting framework around the body of the pattern, 
and to have this framework thoroughly tied into the 
pattern itself. This prevents sand from working into 
the crevice forcing a separation during the molding 
process. 

Jell coats are usually filled with some abrasion- 
resisting material, such as fine silica flour or silicon 
carbide. These materials are quite thick so that they 
can be built up on the side wall of the model. In the 
laying on of the jell coat, care must be taken to avoid 
entrapped air and to work out all bubbles that might 
appear. 

As the jell coat is the material that forms the face 
of the pattern, it was found that one must be quite 
careful in selecting the proper material to suit his 
molding process. Some materials seem to produce a 
surface to which particular sands seem to stick quite 
readily, and, of course, this must be avoided as it 
would ruin the mold. 

Reinforcing of the pattern was found to be highly 
desirable. It should be carried down to the base of 
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the pattern to provide a good support during the 
squeezing or jolting operation. A poorly reinforced 
and supported pattern in a jolt operation may develop 
extensive cracking at unsupported locations. 

Now perhaps you would like to know something 
about cost, advantages, and wear characteristics of 
these particular plastic patterns. 

From the experience in producing six or eight of 
these patterns, it was found that the cost is 1/3-1,2 
that of metal pattern equipment, depending on just 
how the costs figure within a particular plant and 
what type of pattern equipment the cost is compared 
against. Previously a hard bronze pattern was used in 
the author's company on a sandslinger set-up. The 
repair item for this type of pattern was quite high. 
Perhaps part of the success of plastic patterns in the 
operation described has been the elimination of the 
sandslinger process which was hard even on metal 
patterns. 

Using these plastic patterns in molding, over 20,000 
molds have been produced on practically each pat- 
tern built. 


PATTERN MAINTENANCE 


The upkeep has been of particular interest. Since 
this molding unit is fairly high speed, and flask sec- 
tions weighing in excess of 1,000 Ib are fed over the 
pattern on roller conveyors, there are occasions when 
someone slips and the flask falls on the pattern. A 
wooden pattern would be pretty badly damaged, and 
a metal pattern would be severely gouged so that 
soldering or other major repairs would be required. 

With the plastic pattern the damage is not too ex- 
tensive, and repairs are accomplished quite rapidly 
right on the machine. This has happened on occa- 
sions, and the molding crew would take a coffee break 
while two members of the pattern department would 
build up the damaged sections, using infrared lamps 
to effect a fast cure. 

Since building these patterns, some slight engineer- 
ing modifications have been encountered. These modi- 
fications were easily accomplished by developing the 
change with plaster additions, making a section of a 
plaster master mold, removing the plaster build-up, 
replacing the mold, and casting the change on to the 
original pattern with casting resin. 

Blow core boxes, similarly constructed, have given 
excellent service for over 20,000 to 30,000 cores, and, 
as with the large pattern, repairs are easily accom- 
plished. 

Perhaps one of the biggest assets plastic patterns 
hold for the author's company is the fact that compli- 
cated designs in wood can be engineered. After the 
sample casting from the wooden: pattern has been 
produced and has engineering approval, the equip- 
ment can be duplicated quite rapidly for production 
operations in plastic using the method described. 
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INTRODUCTION 

The rapid expansion of the use of electric-arc fur- 
naces in various applications of melting and smelting 
is largely due to the unique properties of the electric 
arc. The arc is a source of heat that offers a concentra- 
tion of energy unknown in any other conventional 
process: its temperature is in the order of 4000 C, 
and its power density approaches the 500 kw per cu in. 
mark or an equivalent of 1,500,000 Btu per hr pr cu 
in. 

Utilization of power results in high efficiencies of 
80 per cent and above, and the heat is released 
immediately in the charge where it is needed. Further- 
more, mechanical forces in the arc combined with 
electro-dynamic forces provide a desirable stirring 
action in the melt thus improving the uniformity of 
the product. 

Illuminating arcs have been subjected to theoretical 
and experimental studies since the early days of elec- 
tricity. Numerous and often controversial theories on 
this intriguing phenomenon have been evolved and 
have contributed a great deal to progress in this 
field, including electric arc welding. 

Electric-furnace arcs, because of their much larger 
magnitude cannot be as readily investigated as small 
ares. Electric-are furnaces are production tools, and do 
not permit experimental work to a degree desirable 
from a research standpoint. Therefore, knowledge of 
furnace arcs so far has been rather empirical and has 
left many questions unanswered. 

Several years ago the laboratories of the author’s 
company initiated systematical investigations of elec- 
tric-furnace arcs, beginning with basic studies in a 
small laboratory size arc furnace. Laboratory findings 
were then checked, verified and expanded during 
many tests in commercial furnaces. Although much 
remains to be done it is felt that a better understand- 
ing of large furnace arcs has been arrived at. In the 
course of this work it became evident that the find- 
ings were of great importance not only with respect 
to the economics of furnace operation but also to the 
development of better electrodes. 

In the scope of this presentation it is not intended 
to discuss abstract arc theories but rather to describe 
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certain physical phenomena of the furnace arc in 
melting furnaces, such as foundry furnaces, and their 
relation to furnace operation and utilization of power. 


THE ELECTRIC ARC IN MELTING FURNACES 


The electric-furnace arc can be classified as an 
electrical discharge in a gas or vapor or a combination 
thereof, associated with the development of heat and 
light. In conventional melting furnaces the arc is struck 
between an electrode consisting of carbon or graphite 
and the metal to be melted. It forms an intensely 
luminous column between two hot spots, one being 
located on the electrode tip and the corresponding one 
on the melt. Since AC power is used in electric 
furnaces, these two hot spots alternate their electrical 
polarity in the rhythm of the frequency. Therefore, 
during the course of one sec the hot spot on the 
electrode for example assumes alternately positive or 
negative potential 60 times. 

Figure 1 shows an arc of 500 amp between a gra- 
phite electrode of 2-in. diameter and a small pool of 
melted steel photographed during one electrical half- 
cycle when the electrode was negative and emitted 
electrons which travelled to the melt. The luminous 
column consists of several concentric layers, and in all 
probability only the inner section is conductive. 


Fig. 1 — Arc in a laboratory steel melting furnace. 





Fig. 2 — Left: short AC current arc in a melting furnace, both 
negative and positive arc occupying the same space. Right: 
negative and positive arc separated (“split arc”). 


The degree of electrode emission depends on the 
temperature and the material of the cathode. Since 
graphite or carbon at these elevated temperatures 
provide a better electron emission, the magnitude of 
current of half-waves during electrode negative half- 
cycles is usually somewhat higher than during the 
opposite half-cycles in single-phase arcs. This means 
that a partial rectification of the current takes place 
where in general the ratio between the intensity of 
the two current half-waves is approximately 4:3. In 
commercial furnaces operating with three-phase cur- 
rent, this effect is practically cancelled because the 
current enters the furnace through a positive electrode 
and leaves through two negative electrodes, and vice 
versa. Partial rectification is greatly reduced when the 
electron emissivity of the melt is improved by a slag 
or impurities which act as so-called arc supporters. 

Because the voltage of the power source changes 
its polarity after going through zero each time we 
have the interesting phenomenon that an AC arc is 
extinguished at the end of each half-cycle and is re- 
ignited at the start of the following half-cycle with 
reversed polarity. 

Frequently, especially in short arcs, both successive 
arcs occupy the same space, however, it has also been 
observed that they follow separate paths. .The left 
part of Fig. 2 shows a low-voltage short arc during 
one full cycle where both areas occupy essentially 
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the same space. The adjacent photograph on the right 
was taken through a pair of stroboscopic discs and 
shows clearly the existence of the two successive arcs 
(“split arcs”) occupying different parts of the space 
between electrode and melt side by side. 


Arc Ignition 

As mentioned above the AC arc ignites and ex- 
tinguishes during each half-cycle. Depending on its 
length, it requires a certain striking or ignition voltage. 
Figure 3 shows two typical conditions: the current 
of a short arc starts to flow almost immediately at 
the start of the half-cycle in contrast to a long arc 
where a considerable time of nearly one quarter of 
one half-cycle had elapsed before current begins 
flow. This “inactive time” during the half-cycle 
called ignition delay and can be expressed either i 
actual time or in electrical degrees. It constitutes an 
appreciable distortion of the shape of the current 
wave, or in other words, it delivers currents with a 
high degree of harmonic distortion. We shall see later 
that this is an undesirable condition. 


Potential Distribution in Arcs 

The voltage existing between the two correspond- 
ing anode and cathode hot spots is distributed as 
shown schematically in Fig. 4. 

In the vicinity of both anode and cathode we find 
remarkable voltage gradients, the so-called anode or 
cathode drop zones, and a fairly constant distribution 
in the arc column or plasma. This indicates that the 
resistance near anode and cathode is high, whereas 


Fig. 3— Are voltage and arc cur- 
rent of a short and a long are, il- 
lustrating ignition delay. 
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‘he resistance of the unit length of the column is low. 
The cathode drop region extends over a length of 
\0* cm or 1/4000-in.; and since the voltage drop in 
this area is in the order of 10 volts, the potential 
vradient is remarkable high, in the order of magnitude 
of 100,000 volts pr cm or 250,000 volts per in. 

This tremendous field strength is necessary to re- 
move the electrons from the cathode after the positive 
ions release their energy on the cathode. The magni- 
tude of electron flow from the cathode to the anode 
depends on the material of the cathode (carbon or 
graphite and metal alternating) and the thermal con- 
ductivity of the cathode material. 

The negative electrons pass through the are plasma 
and, after being accelerated further in the anode 
drop region, they arrive on the surface of the anode 
which assumes a high temperature. The anode drop 
depends on current and arc length; it is in the order 
of 5-10 volts and is also concentrated in a very small 
gap. The sum of anode and cathode drop voltage 
constitutes the minimum arcing voltage of 15-20 volts. 


Energy Distribution in Furnace Arcs 

The distribution of energy over the full length of 
an are follows exactly the pattern of the voltage dis- 
tribution with typical concentration near anode and 
cathode. 

Anode and cathode drop of furnace arcs are not 
exactly known. Measurements by probes inserted in 
the arc, a practical means in the investigation of 
small arcs, is next to impossible, however values ob- 
tained by way of theoretical considerations appear 
to be fairly reliable. 

Over a range of are currents from 500-50,000 amps 
and arc voltages from 50-250 volts between electrode 
tip and melt the following values can be assumed 
as reasonable averages: 

Anode drop approx. 30 Volts 
Cathode drop approx. 10 Volts 
rea: 


This holds true under the provision that electrodes 
with adequate cross-section are used over the men- 
tioned range of currents. Figure 5 shows the rela- 
tionship between arc length and arc voltage ob- 
served at commercial steel melting furnaces at the 
end of melt-down with little or no slag present. The 
operating range of foundry furnaces is marked on 
the diagram. Assuming an average tap voltage of 
200 volts between the phases, the arc length is ap- 
proximately 2 in. or 5 cm. 

Table 1 shows the approximate distribution of arc 
power for this condition. 

Furthermore the diagram discloses that the energy 
percentage dissipated by the column decreases with 
decreasing tap voltage, and vice versa. Heat radiation 
from anode and cathode is essentially focused with- 
in the arcing zone, whereas the column or plasma 
radiation tends to spread over the more distant areas 
of charge and refractory. Therefore, extremely long 
ares at a high rate of power are useful only if they 
are surrounded by the heat absorbing charge during 
the beginning of the melting process. Later, when the 
bath is more or less flat, “open radiation” of the arc 
column is to a great extent waste of energy if not 
dangerous for the refractory. 
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Fig. 4 — Distribution of voltage in an arc. 


For example, it was found that with high-powered 
long arcs, the melt at the end of the melting process 
actually cooled while the refractory attained exces- 
sive temperatures. On the other hand, a shorter arc 
even with lower power raised the temperature of 
the charge, and kept the temperature of the refrac- 
tory in reasonable limits. More experimental and the- 
oretical work is underway to clarify these complex 
problems of heat transfer in the electric-arc furnace. 


Mechanical Forces in Electric-Furnace Arcs 

In electric furnaces the arcs under the three elec- 
trodes are influenced by a variety of mechanical forc- 
es and also by convection of gases and vapors. The 
resulting “unsteadiness” of the arc is advantageous 
as far as stirring action upon the melt and equaliza- 
tion of heat are concerned, however, it is undesire- 
able if it is associated with erratic changes of the 
are length because this leads to unwanted fluctua- 
tions of current and power. 


Pinch Effect 

When an arc is struck on a piece of cold metal 
of relatively small cross-section in the direction of 
current flow, a globule of molten metal is formed 


TABLE 1 — APPROXIMATE DISTRIBUTION OF ARC 
POWER 
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Fig. 5 — Average arc length and arc voltage observed at com- 
mercial steel melting furnace. 





Fig. 6 — Arc struck between a graphite electrode and a steel 
bar showing pinch effect on the melted surface of the steel. 


Fig. 7 — Pinch effect in a small foundry furnace, 6-in. electrode 
diameter. 


Fig. 8 — Depression on the melt surface caused by forces in 
the arc. 


The Electric Furnace Arc 


under the hot spot of the arc almost instantaneous) . 
Since this globule is liquid it is deformed by ain 
electro-dynamic force of the current known as pinch 
effect, a force acting in the radial direction and tend- 
ing to compress the conductor. 

Figure 6 is a photograph showing an arc between 
a graphite electrode (top) and a steel bar (bottom). 
A semi-spherical piece of molten steel rests in equi- 
librium on the end face of the steel bar. The height 
of this bubble could be increased or decreased with- 
in a certain range by varying the voltage of the 
power source, and consequently the current. When 
the equilibrium is offset the liquid metal globule 
starts to change its shape, and may eventually stretch 
far enough to reach the tip of the graphite elec- 
trode and cause a partial short circuit surge of the 
current. 

This is a condition that occurs during the earlier 
part of the melting cycle with medium or heavy 
scrap, as well as occasionally on a flat bath as illus- 
trated in Fig. 7. 


Melt Surface Depression 


On the surface of a fairly large pool of molten metal 
the arc often causes a distinct depression which is 
sometimes held in equilibrium by the hydrostatic 
pressure of the melt. This depression is the result of a 
force in the arc which acts in the direction of the 
axis of the arc. The nature of this force is not fully 
understood. In Fig. 8 the depression of the melt 
under a 500 amp arc is illustrated. 


External Forces 


The arc as part of the power circuit is also sub- 
jected to forces resulting from the magnetic struc- 
ture of the circuit. 

Due to the mutual magnetic influence of the three 
electrode currents in a three-phase furnace the arcs 
have the tendency to flare away from the center of 
the furnace toward the shell. As a result of this hori- 
zontal force the electrode tips are bevelled at angles 
ranging between 10 and 30 degrees versus the hori- 
zontal, the reason for this being that the flexible 
arc and the hot spots on electrode and melt are 
driven in the direction of the furnace shell. The 
horizontal force is evident in Fig. 9 where the arc 
can be seen in an extreme position. This photograph 
also shows a flame emanating from the hot spot and 
resulting from impact of the arc upon the melt. It 
is directed toward the refractory, a condition that fre- 
quently occurs when the arc hits the melt surface 
at a rather small angle. These flames have adverse 
effects upon the refractory life. 

The above mentioned forces in combination with 
the thermal turbulance of the melt interact in an 
erratic manner. As a result the arc length undergoes 
quick changes. 

Steadier arcs can be obtained when hollow elec- 
trodes!, or electrodes with arc supporting or neutral 
cores, are used. Hollow electrodes provide a tip which 
resembles an upside down funnel. Due to the thermal 
conditions at the tip the inner rim attains a consider- 
ably higher temperature than the rest of the tip. 
This confines the foot point of the arc closer to the 
center of the electrode. Figure 10 illustrates an arc 
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Fig. 9— Arc in extreme position 
caused by external magnetic force 
and emanation of secondary arc 
flame. 


struck with a hollow-graphite electrode in an ex- 
perimental melting furnace. Cores built into hollow 
electrodes can either assist in establishing the de- 
sired funnel geometry of a hollow electrode or, in 
addition to this, provide a higher rate of electron 
emission by way of chemicals. 


Arc Characteristics 

The electrical resistance of arcs cannot be described 
as simply as the resistance of a solid metallic con- 
ductor. 

The resistance of an arc of a fixed length decreases 
considerably when the current is increased. The hot 
spots cover a larger area and the cross-section of 
the arc plasma grows accordingly. A convenient way 
is to present the arc voltage—arc current relationship 
for a given arc length in the so called “Static Charac- 
teristic.” Figure 11 shows examples of such charac- 
teristics taken on a laboratory arc furnace using 2-in. 


Stabilized arc struck between hollow electrode and 


diameter graphite electrodes. At low currents the 
voltage curves are falling and reach a distinct min- 
imum. Thereafter it becomes slightly raising. In pro- 
duction furnaces the point of inflection is seldom 
exceeded. This type of arc is generally known as “low 
intensity” arc in contrast to “high intensity” arcs used 
for illuminating purposes (in movie projectors and 
search lights). It is difficult to establish static-arc 
characteristics on commercial furnaces because the 
arc length changes fast and cannot be measured with- 
out photographic and oscillographic equipment. 

The cathode ray oscilloscope offers a means to ob- 
tain the so-called dynamic arc characteristic, that is 
the voltage-current relationship of an AC are during 
one full electrical cycle. The pattern resembles the 
magnetic hysteresis loop of iron. According to the 
Lissajou principle, arc voltage is plotted against arc 
current by the electron beam. Figure 12 illustrates 
dynamic arc characteristics of a commercial furnace 
for three different arc lengths. Curves of this type 
are of great help when for example electrode regu- 
lator performance or general physical arc problems 
are to be studied. 
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Fig. 11 — Examples of static characteristics of arcs struck. be- 
tween a graphite electrode and steel or copper. 
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Fig. 12 — Dynamic characteristics of electric-furnace arcs. 
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UTILIZATION OF POWER IN ELECTRIC 
MELTING FURNACES 

The problem of economical use of electrical en- 
ergy in arc furnaces is closely related to the func- 
tions of the various elements of the power circuit, 
such as transformer, supplement reactor, and elec- 
trode regulators. 

The arc being a non-lineal electrical resistance re- 
quires a ballast in order to limit the current. There- 
fore, adequate reactance must be provided in series 
with the arc. In foundry furnaces the inherent reac- 
tance of the high. current bus and flexibles is not 
sufficient as is the case with large steel making fur- 
naces, and for this reason, a supplement reactor is 
required. 

Once the rate of arc power needed for the thermal 
process is established, the circuit elements of the fur- 
nace must be fixed so that the power can be delivered 
at optimum conditions. 

According to the well-known basic principle of 
matching a load with a power supply, the total 
impedance of the power supply exclusive of the arc 
should be equal to the resistance of the are proper. 
If this is the case the arc delivers the maximum of 
useful power, and the corresponding current at a 
given tap voltage is known as “optimum current.” 
Basic methods of adjusting arc currents to optimum 
values have been described in literature.?* Circuit 
impedance is measured by way of a “short-circuit test” 
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Fig. 13 — Power characteristics of a foundry furnace. 
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(lowering the electrodes into the melt at a low tap 
voltage) and a simple mathematical relationship per- 
mits calculation of the “optimum current.” 

Recently these methods were refined: the effect 
of harmonic distortion of the arc current, and the 
thermal losses were included in this concept, and a 
simplified experimental procedure developed at the 
author's company. Furthermore, the unbalance of 
power in the three phases inherent to conventional 
furnace design was investigated. Special instrumenta 
tion permitting adjustment of electrode regulators to 
peak performance was developed. 

The electrical characteristics for a typical foundry 
furnace are shown in Fig. 13. The diagram shows 
primary kw, useful arc power (kw), power factor, 
and circuit kw-losses plotted against the arc current 
for a fixed tap voltage. The data shown on the dia- 
gram are the result of measurements and confirm 
the theory. In this case the maximum of useful heat 
occurs at about 470-500 amps primary or 10,000-11,000 
amps secondary, the primary power factor being 
approximately 80 per cent. It is quite evident that 
exceeding this current to the point where the maxi- 
mum of the primary power is reached, would in- 
crease the circuit losses and lower the rate of useful 
arc power. 

Therefore, adjusting the electrode regulators to 
proper currents is of primary importance for econom- 
ical utilization of power. Too high or too low currents 
will cause prolonged melting times and higher specific 
energy consumption of kw hr per ton of product. 

The impendance values in each phase differs from 
each other due to the differences of length of the 
current path between transformer terminals and arcs, 
and differences in the mutual inductances between 
the three high current conductors. The degree of 
unbalance increases with furnace size. 

According to the above mentioned law of matching 
a load to a power supply, this unbalanced condition 
necessitates that the optimum currents be different in 
each phase. Their relative magnitude depends on 
the electrical phase rotation whether ABC or CBA 
phase sequence. In order to obtain maximum useful 
power in the arcs the current of phase B (center 
electrode )“should be the largest of the three-phase 
currents. In an ABC system, C-electrode current should 
be slightly below B-electrode current, and A-electrode 
current should be the lowest. In a CBA system, C 
and A current exchange their magnitude. 

The order of unbalance depends on the design of 
the power supply and the layout of the high current 
conductors. Exact impedance values of the phases 
can only be determined by the previously mentioned 
short circuit test, and subsequent corections for har- 
monic distortion and variable thermal losses of the 
furnace. 


ELECTRODES 


The purpose of the electrodes is to form the fi- 
nal link in the high current circuit and to conduct 
the power to the arcs where it is needed for the 
thermal process. Only carbon or graphite offer the 
necessary qualities as to low electrical resistance and 
thermal as well as mechanical rigidity. The temper- 
atures in electrodes encountered in furnace operation 
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range from a few hundred C on top of the furnace 
to 4000 C and above at the arcing spot. Since elec- 
trodes are consumed during the thermal process it 
is of great importance to keep the rate of consump- 
tion as low as possible by following the manufac- 
turers instructions as to mechanical handling, use 
of adequate current density, etc. 

Electrode consumption in melting furnaces occurs 
in the arcing zone and on the surface of the elec- 
trodes. The mechanism of arc-tip consumption is of a 
rather complex nature, namely a combination of va- 
porization, oxidation, and erosion. Vaporization oc- 
curs on the arcing hot spot, and it is pretty much 
beyond control. Erosion is greatly influenced by ran- 
dom physical contacts between electrode and charge. 
Unsteady arcs with frequent extinctions, for example, 
are the main contributor to electrode erosion be- 
cause they necessitate extensive regulator action in 
order to restrike the arc by way of contacting the 
electrode with the charge. 

Adequate sensitivity and response of the electrode 
regulator and packing of the charge are means to 
keep erosion to a minimum. With special electron- 
ic instrumentation the author’s company has studied 
the frequency of these contacts and found that their 
occurrence depends to a certain extent on the mag- 
nitude of the arcing voltage. Low tap voltages are 
more apt to produce erosion, and at a given tap 
voltage high current and consequently low-power fac- 
tor operation is harmful. It is also important from 
this standpoint not to exceed optimum currents. 

Oxidation of electrodes is greatly affected by tem- 
perature and velocity of air in the vicinity of the 
electrode surface. Electrode temperature is not only 
influenced by the average temperature in the fur- 
nace but also by the current density, and the I*.R 
heat in the electrode, another powerful argument 
not to exceed optimum currents. 

Air convection is largely a matter of chimney ef- 
fect within the furnace and especially in the elec- 
trode ports. 

Surface combustion of electrodes is greatly en- 
hanced by velocity of the contacting atmosphere. 
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For example, when the rate of surface oxidation of 
an electrode at 1000 C in still air is equal to one, 
it increases by a factor of 10 if the air velocity is 
7-1/2-ft per sec. Therefore, it is of importance to 
reduce the chimney effect in the furnace by way 
of keeping doors closed and the roof glands as tight 
as possible. 

While the consumption on the arcing tip is orient- 
ed in the direction of the electrode axis, the side wall 
oxidation acts essentially in radial direction and caus- 
es the electrode to pencil. Excessive pencilling leads 
to a weakening of the electrode sockets in the nip- 
ple zone and consequently to electrode losses. On 
the other hand a reasonable tapering of the elec- 
trode is of advantage to arc stability because it 
provides a hot tip and good electron emission for the 
are. 

The mechanism of electrode consumption is rather 
complex, and it becomes evident from this discus- 
sion that a compromise between a number of con- 
troversial effects must be sought in order to achieve 
best performance. 


CONCLUSION 


In conclusion, it can be stated that electric arcs, 
due to their unique properties are well suited for 
thermal processes such as cold metal melting. In 
electric-arc furnaces the heat is generated where it 
is needed, and therefore, electrical and thermal effi- 
ciencies are high. 

Carbon and graphite electrodes possess the re- 
quired physical and chemical properties to conduct 
the power to the arcs. Behavior of the arc, utiliza- 
tion of power, and performance of electrodes are 
closely inter-related. Research and development work 
on this problem is continuously progressing. Consult- 
ing services to guide furnace operators are available. 
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PRACTICAL APPLICATION OF THE WORK 
SAMPLING TECHNIQUE 


By 


R. M. Keenan* 


INTRODUCTION 


We are all familiar with the use of the stopwatch to 
measure time when making continuous observations 
over long periods. It has been used successfully for 
many years. In the past few years there has been 
introduced into this country another means of measur- 
ing time, namely, “Work Sampling” or “Ratio Delay”. 

This system is. based on the fact that if a sufficient 
number of random observations are taken of an opera- 
tor or machine, the ratio of the number of times the 
operator or machine is found working or idle to the 
total number of observations made, tends to be the 
percentage of time they are in that particular state 
or condition. With work sampling, facts can often be 
obtained in approximately one-third to one-sixth the 
time spent by continuous observation with stopwatch 
timestudy. This makes it practical to get the tects 
on many things you would not otherwise try to get. 

With the introduction of work sampling, jobs that 
were formerly considered difficult to measure can be 
measured with a minimum of time and effort. Such 
jobs as laborers, cupola tenders, cupola repairmen, 
truck drivers, and sand conditioners are all measurable 
when the work-sampling techniques for measuring 
time are applied. The author’s company feels it is im- 
portant for its foundry operations to keep abreast of the 
latest techniques of measuring time as well as keeping 
abreast of the latest processes in coring, molding, cast- 
ing, and cleaning. 

This engineering technique is known by many titles: 
Work Sampling, Ratio Delay, Snap Readings, and 
Observation Ratios. For consistent thinking in the au- 
thor’s company, the title, “Work Sampling” was chosen. 

I would like to mention that work sampling, in 
itself, does not insure that good methods are being 
followed. Good methods and work simplification pro- 
cedures should be installed and put into effect prior 
to the taking of a work sampling study whenever 
possible. When this is not done, you should be cogni- 
zant of the fact that what appears to be very high 
productivity may be based in poor methods when 
performing the work. 


* International Harvester Co., Chicago. 


It should be noted that more recently many compan- 
ies have introduced the additional feature of perfor- 
mance rating while making their observations during 
a work-sampling study. Performance rating is used to 
adjust the actual performance time of an operator to 
a performance time that is considered normal. If we 
wish to develop time standards by work sampling, 
the workers must be performance rated when they 
are observed, and also the work count or productivity 
during the period of the study must be determined. 

i believe all of you are familiar with Statistical 
Quality Control. Work sampling is based on the same 
law of probability, and employs the same random 
sampling theory except instead of taking a random 
sample of a product to determine its characteristics, 
random observations of people or machines are made 
to determine what per cent of the work day is spent 
in productive effort and what per cent is idle time. 


THEORY OF RANDOM SAMPLING 


A brief explanation of the theory of random samp- 
ling is that by selecting samples at random from a 
large group, and after a sufficient number of samples 
have been taken, the results or characteristics of the 
smaller sample will predict the characteristics of the 
larger group. In work-sampling studies, the random 
observations permit the measurement of and prediction 
of the percentage of time either man or machine is 
allocated to certain activities. 

To obtain accurate results with work sampling, the 
observations or samples taken must be selected at 
random from a universe that is representative of that 
which we wish to measure. In other words, we would 
not want to make observations during a period in 
which abnormal conditions exist. 

The following are the type of questions which must 
be satisfactorily answered before a truly representative 
work-sampling study can be made: 

1. Are the regular qualified operators on the job? 

2. Are the machines, equipment, tools, etc., operat- 

ing normally? 

3. Are we covering an entire work cycle? 

4, Are we running a normal mix of jobs? 

The randomness of the sample is very important 
and should not be neglected. I would like to review 
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the procedure the author’s company uses in practical 
application. 

The first step is to decide how often it is physically 
possible to make an observation. If we are located in 
a particular department and it only requires us to 
look up to observe an operator, then it is possible to 
make a large number of observations each day. How- 
ever, if it is desired to observe several operators or 
machines located in different areas, then it may take 
10 min to complete making one set of observations. 
This limits the total number of observations from 
which you would draw the random sample. To deter- 
mine the total number of observations possible during 
a work day, and from which the random sample is 
selected, the total time available is divided by the 
time estimated to complete one set of observations. 

As an example, assume the period in which the 
study will be made is from 8:00 am — 4:30 pm, not 
including the lunch period, this gives an available 
time of 8 hr or 480 min. If it takes 10 min to obtain 
the observations, the work day would be divided into 
48 10-min periods. Time periods beginning with 8:00 
am, and going to 8:10, 8:20, etc., would then be 
numbered consecutively from 1 to 48. After each time 
period has been identified with an observation number, 
it must then be decided how many observations are 
to be made each day and then randomly select this 
number from the total daily number of observations 
possible. 


STUDY DURATION 


The duration period of the study to enable you to 
cover a representative period, the total number of 
observations required to obtain the desired degree 
of accuracy, the availability of observers, and the 
urgency of the final report are all factors that will 
affect the decision as to how many observations will 
be taken each day. 

If it was decided that 20 observations were to be 
made each day, then this number of observations 
would be selected at random. In the example we 
would select the 20 from the total of 48 possible. To 
select these observations at random can be done in 
several ways. One highly recommended method is to 
use a table of random numbers which is used by 
statisticians. Another method is to number discs from 
1 to the number of periods into which the day has 
been divided. In our example, the discs would be 
numbered from 1 to 48. These discs are then placed in 
a container. By drawing 20 discs from the container 
20 observations will have been selected at random 
intervals. Each day a new set of random observations 
would be selected. 


Observation Interval 

The numbers selected are then arranged in se- 
quence, and the time intervals of the day that each 
number represents is the time of day the particular 
observation is to be made. 

When several operators or machines are being ob- 
served in different areas and a route has to be followed 
when making the observations, it is recommended that 
in addition to starting time we also randomly select 
the starting point, thereby keeping all observations 
as random as possible. 


DAY-TO-DAY VARIATION 


From statistics it is known that the per cent value 
of a particular element being studied will vary from 
day to day. As an example, suppose a particular 
operator was being observed to determine what per 
cent of the day he is idle. It was decided to take 20 
observations a day. The first day he was found idle 
during two of the 20 observations. This would give a 
value of 10 per cent idle time. The next day he might 
be found idle during four of the 20 observations, which 
would give a value of 20 per cent idle time. Some 
variation in idle time is expected from day to day, 
but how do we determine when the per cent idle time 
for a particular day is excessively high or low and 
not representative of his normal work day. Through 
statistical formulas control limits can be determined 
which will tell what variation to accept and still con- 
sider the observations taken during that particular day 
as representative of a normal work day. When the 
per cent idle time for a particular day is outside 
these limits we can be highly confident that some 
assignable cause has affected the work day. Since the 
results of that day’s observations are not representa- 
tive, they should not be included in the study. 

As the work-sampling study progresses, the cumula- 
tive total of observations taken increases. The first 
day of the study 20 observations were made, after 
the second day a total of 40 observations had been 
accumulated, and so on. If only a three-day study 
had been made, the average per cent idle time would 
be determined based on our total of 60 observations. 
As an example, if it was found that the operator was 
idle during 12 of the 60 observations over the three- 
day period, the average per cent idle time is deter- 
mined as 20 per cent. 

However, since 60 observations represent a relative- 
ly small sample, it must be recognized that the esti- 
mate of 20 per cent idle time is only representative of 
the true idle time of the operator within certain accura- 
cy limits. The spread of these limits is dependent on 
the sample size, the per cent level of the element 
studied, and the confidence level desired. When a 
statement is made that the true idle time of the opera- 
tor is within certain limits of the idle time estimated 
from the sample, the confidence level tells us what 
assurance we have that this statement is true. 


Confidence Levels 


In statistics, the term “Standard Deviation” or 
“Standard Error” represents the unit of measurement 
used to determine the spread of these limits for differ- 
ent confidence levels. In the example taken, the aver- 
age per cent idle time was found to be 20 per cent 
after taking 60 observations. For this number of obser- 
vations, the “Standard Error” would be approximately 
5 per cent of the day. Now if the limits are set at 
plus and minus one “Standard Error” from the estimat- 
ed average of 20 per cent, the limits would be set 
at 15 per cent and 25 per cent and we could be con- 
fident that 68 per cent of the time the operator's true 
idle time falls somewhere within these limits. 

If a confidence interval of 95 per cent is desired, 
the limits would be set at plus and minus two “Stand- 
ard Errors” from the estimated average of 20 per 
cent. Since the value of two “Standard Errors” is 
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equivalent to approximately 10 per cent of the day, 
this would set the limits at 10 per cent and 30 per 
cent. We would then be confident 95 per cent of the 
time that the true idle time of the operator is some- 
where between these accuracy limits. The confidence 
level desired is usually a policy decision. The 95 per 
cent confidence interval is usually accepted and is 
the one chosen by the author's company for most 
work-sampling studies. 

Now that the confidence level has been established, 
the next step is to decide the actual per cent accuracy 
within which we want the sample average to predict 
the true per cent of the element being sudied. As 
the total number of observations increase, the greater 
the accuracy of the sample average is in predicting the 
true per cent element time. 


ACCEPTABLE TOLERANCES 


In all types of manufacturing it is economical to 
accept a certain tolerance. Foundry parts, for example, 
are never held to exact dimensions with + 0 toler- 
ances. Dimensions may be specified to the nearest 
1/16-in. or 1/8-in., but: in every case there is a 
limit to the accuracy desired or required. It is im- 
practical and, in many cases, impossible to do other- 
wise. 

So it is with work sampling. An acceptable range 
must be determined before data can be analyzed. 

In setting up tolerances for work sampling we must 
consider one of the principles that we apply to all 
tolerances. That is, a tolerance should not be closer 
than is absolutely necessary. The reason for this is 
that close tolerances add operations, or extend opera- 
tions, and therefore add extra costs to the product. 
Thus, setting up tolerances in work sampling requires 
that the purpose or use to which the work sampling 
results are to be put must be considered. Is it to 
assist in proper assignment of manpower in a day- 
work department, or is it to determine the proper 
allowance for tool care in a production standard? The 
final use of the value would determine the necessary 
accuracy. Accuracy in work sampling is dependent 
upon the number of observations taken. Likewise, the 
cost of work sampling is dependent upon the number 
of observations taken. 

In the example, after a three-day study 60 obser- 
vations had been accumulated and the average per 
cent idle time found, determined from the sample to 
be 20 per cent which is equivalent to 20 per cent of 
480: min or 96 min of idle time per day. It also was 
found that at the 95 per cent confidence level it 
would have to be stated that the true idle time of the 
operator could differ from the estimated idle time by 
as much as 10 per cent of the 8 hr day or approximate- 
ly 48 min. If we are willing to accept 96 min as 
representative of the operator's idle time, realizing 
that the true idle time could differ from the sample 
estimate by as much as 48 min, then the work-samp- 
ling study can be stopped after taking 60 observa- 
tions. However, if much greater accuracy is wished 
in the estimate, a great many more observations will 
have to be taken. How many more observations is 
dependent on the accuracy desired, and also on the 
accuracy of the per cent value estimated from the 
sample. 


The Work Sampling Techniqu 2 


The usual approach taken in a work-sampling stud v 
is to take 50 — 100 observations and estimate the per 
cent value of the element being studied. Next, the 
accuracy desired would be decided, usually stating 
as a certain per cent of the element studied. In the 
example, after 60 observations the idle time wis 
estimated to be 20 per cent of the 8 hr day or 96 min. 
If an accuracy of 10 per cent of the element time is 
desired, this would mean that the estimate from the 
sample should not differ from the true idle time b 
more than 10 per cent of 96 min, which is equiva- 
lent to 9.6 min or 2 per cent of the 8 hr day. Then with 
a statistical formula the total number of observations 
required to obtain this accuracy could be calculate:!. 

As the study progresses the per cent value of the 
element studied should be recalculated. If it is found 
that the new estimate of the per cent value of the 
element varies much from the original estimate, the 
total number. of observations required using our new 
estimate should be recalculated, thereby retaining the 
accuracy desired. 

In the example, it was decided to estimate the idle 
time of the operator and not be in error by more 
than 2 per cent of the day, which is equivalent to 
9.6 min. To obtain this accuracy, calculations showed 
that a total of 1600 observations would have to be 
taken. If after taking 1600 observations it was found 
that during 320 of these observations the operator was 
idle, his idle time would be estimated as 20 per cent 
of the 8 hr day or equivalent to 96 min. Since a 
sample size of 1600 observations will give the desired 
accuracy equivalent to 2 per cent of the 8 hr day or 
9.6 min, the statement can be made that. the estimate 
of the operator's idle time of 96 min will be within 
9.6 min of the true idle time of the operator. We can 
be confident that 95 chances out of 100 the statement 
is correct. 


WORK SAMPLING NOMOGRAPHS 


The statistical formulas required to determine sam- 
ple size, suitability and accuracy of the results, often 
cause some people to shy away from the useful tool 
of work sampling. There are alignment charts or nomo- 
graphs available that enable you to eliminate the use 
of statistical formulas, yet make statistically sound 
work sampling studies. 

Mr. John M. Allderige*, gives two very good exam- 
ples of this type of charts. 

Figure 1 is the nomograph for determining the num- 
ber of observations that will give the desired degree of 
accuracy, and Fig. 2, the nomograph for determining 
control limits that will indicate if the data is statistic- 
ally sound. 


SUMMARY 


First, define the problem to be solved. 
1. Is it to measure an activity? 
2. Is it to measure a delay? 
3. Is it to establish an incentive standard? 
The next step is to make a preliminary survey of the 
department. The comprehensiveness of this survey will 
vary from study to study. 

Obtain all necessary department data such as: 


*Eastern Kodak Co., “Work Sampling Without Formulas,” 
Factory Management and Maintenance, Vol. 112, March 1954 
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Fig. 1—Number of observations needed for ac- 
curacy in work sampling. 1) Estimate average 
per cent of work element. 2) Decide on desired 
precision. 3) Estimate of average per cent is 
multiplied by precision to get precision interval. 
4) Draw straight line from average per cent 
through precision interval to number of obser- 
vations line. 

Example: for + 5 per cent precision, take 
80 per cent of workers time, and observations 
needed = 400. 


courtesy Factory Management and Maintenance, Mc- 
Graw-Hill Publishing Co. 
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Fig. 2—Control limits for work sampling study 
results. 1) Mark line at left with observed per- 
centage. 2) Mark line at right with number of 
daily observations. 3) Connect two points with 
straight line. 4) Read allowed variation (control 
limits) on center line. 

Example: Average handling activity in a 
study is 82 per cent, with 48 observations a 
day. Each day’s per cent activity should be be- 
tween 65 and 99 per cent (82 + 17 per cent) 
to be stable statistically. 


courtesy Factory Management and Maintenance, Mc- 
Graw-Hill Publishing Co. 
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1) General knowledge of the department's operation 
from the foreman. (Such items as current problems, 
production bottlenecks, lack of proper tools and 
equipment, etc.) 

2) Contact the various other staff departments for 
information concerning the department involved. 

3) Determine flow of material through department, 
a) as planned by planning department, b) actual 
flow in practice, and c) develop flow charts if 
necessary. 

4) Determine production schedule of department. 
(Current schedule as well as long-run, including 

cyclic trends. ) 

5) Analyze department layout. (Planned layout as 
well as actual.) 

6) Determine and analyze work areas of the various 
employes involved. 

7) Determine employes involved (names, check num- 
bers, classifications, job assignments, etc. ). 

Next, apply results of the preliminary study. 

1. Put into effect all changes in work assignments, 
methods, equipment, tools, etc., which have been 
determined up to this time. 

2. Any changes which are not made at this time 
should be noted for later use. 

After this is completed, you are now ready for 
the mechanics of the study itself. Develop a daily 
work sheet upon which to tally the observations. 
This sheet will show the operators or machines 
which are being analyzed and the elements to be 
observed. The elements may be general such as pro- 
ductive, idle and out of area, or they may be de- 
tailed such as assemble flask and pattern, fill flask 
with sand and smooth, place bottom board, jolt, etc. 
The necessary number of elements will depend on 
what information is being sought. Define all elements 
clearly and concisely so that they will be immediate- 
ly recognized. 

Determine how many observations will be neces- 
sary to insure a desired degree of precision on the 
critical element plus or minus some per cent. 

Spread the required number of observations even- 
ly over the period (days) available for the study. 

Select the time the observation is to be made 
and the route to be followed by a random method. 

Proper element determination should be made as 
soon as the employe comes into the observer’s view 
or at some other predetermined point on the ob- 
server's route. 

Each employe should be observed only once (the 
first time he comes into view of the observer) dur- 
ing the course of an observer's route. 

If the observer does not find the employe on his 
route, he should be marked as “not in work area.” 

All daily and accumulative records should be 
posted each day. As the observations are taken, 
daily percentages of occurrence should be plotted 
chronologically. The average per cent and the limits 
can be drawn in after the study has progressed for 
a few days. 

If production standards are to be established from 
the work-sampling study, daily records of the sched- 
ule and production should be maintained. In addi- 
tion, each observation must be performance rated. 


The Work Sampling Technique 


As the study progresses, the per cent value of tlie 
critical element should be recalculated. If the new 
per cent estimate is found to vary much from the 
original estimate, the number of observations needed 
should be recalculated thereby retaining the accu- 
racy desired. 

If, when posting the daily records, the percentage 
of occurrence is beyond the control limits or is un- 
usually high or low, it should be investigated to 
determine the cause. Later, when making proper 
work assignments, it will be important to know what 
causes changes or fluctuations in the daily work 
loads. 

When the necessary number of observations have 
been accumulated, calculate the per cent time for 
each element studied and check the accuracy ob- 
tained in the sample estimates. 

A meeting should then be set up with those con- 
cerned to analyze the results of the study and de- 
velop definite recommendations to be put into effect. 

The results are then written up into a final re- 
port, making definite recommendations for all nec- 
essary changes that should be made in manpower, 
tools, equipment, methods, etc. 


CONCLUSION 


One of the applications that has been made of 
work sampling that is of interest is the study of day- 
workers made in one of the foundry operations. In 
an effort to reduce operating costs, this foundry op- 
eration examined the ratio of dayworkers to piece- 
workers in all areas to indicate where out-of-line 
costs may exist. This survey indicated that the ratio 
of dayworkers to pieceworkers was excessively high 
in the core room. 

A work-sampling study was taken to determine 
what per cent of the dayworkers’ time was spent 
in productive effort and what per cent was idle 
time. Within a two-week period the study was com- 
pleted and the results showed that 35 per cent of 
their time was idle. The results ‘indicated that a 
substantial reduction in daywork personnel was pos- 
sible. After methods engineering the core room, where 
they eliminated, combined, rearranged and _ simpli- 
fied the work, a substantial reduction in daywork 
personnel took place. Standard time values for each 
daywork operation performed are now being devel- 
oped and will probably result in additional reduc- 
tions of daywork personnel. 

I would like to bring to your attention one final 
point. You may find that the statistical optimum of 
a work-sampling study cannot be obtained due to 
any number of varying circumstances. Fortunately, 
at the author's company we are able to calculate the 
degree of accuracy we are holding for any given 
number of observations. It is important, therefore, 
that you realize the effect a reduced sample size will 
have on the accuracy of the sample estimate and 
stress the fact that your estimate could be in error 
by so much. 

At the author’s company we have found work sam- 
pling to be a very valuable tool for both compre- 
hensive studies and as an indicator to aid manage- 
ment in making decisions. 





HOW PATTERNMAKERS CAN HELP TO SELL CASTINGS 


By 


G. K. Dreher* 


Prior to World War II, in one of the many discus- 
sions the author had with Norm Hindle, who was 
then Technical Director of AFS, we considered the 
possibility of sand, as we knew it at that time, even- 
tually disappearing from the foundry. Synthetic sand 
was just coming into widespread use and work was 
under way in this country with a process of cement 
molding. 

Since that day the industry has seen tremendous 
improvements in sand technology and many variables 
have been brought under control. The builders of 
foundry equipment have paced some of this develop- 
ment by providing the machines which justify the 
economics of such control. Methods, in the foundry, 
have improved to such an extent that the industry 
has progressed more in the past two decades than any 
one realized as even a remote possibility 20 years ago. 

The advent of shell molding and expanding invest- 
ment castings methods have opened up new markets 
for our products. The bulk of the industry’s castings, 
however, will continue to be made in sand for many 
years to come. With the control of many variables 
has come an increased ability to reproduce castings 
to close tolerances. Many more remain however, and 
present research efforts offer. promise of bringing them 
under control. Potential improvement, both from the 
quality level as well as the accuracy factor, is great 
enough to deserve the considered attention of every 
man associated with the foundry industry. 


MARKET FACTORS 


There are other factors which affect the markets for 
castings. Some of these the patternmaking industry can 
help control and others are the problems of the found- 
ry itself. It is those factors which the patternmaker can 
help control that I will discuss in this paper. There 
are many challenging opportunities open to pattern- 
makers which can, if solved, aid materially in opening 
up a market for castings. 

From a marketing point of view there is a basic 
consideration that must necessarily be kept in the 
foreground of our thinking at all times. Ask yourself 
this question — “Who is your customer?” The flash 
answer would be a foundry or some builder of equip- 
ment. Such an answer is only partially right. The real 
customer of the foundry industry is the man who buys 


*Director of Market Development, Steel Founders Society. 
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and uses machinery and equipment built with castings. 
This man is mentally conditioned to the use of other 
materials by his education and by the force of adver- 
tising and public relations which are a part of our 
competitors’ marketing plan. Most users and buyers of 
castings are converted to their benefits after consider- 
able experience in industry. 

One step away from the man who actually uses this 
machinery, is the man who sells it. This man needs 
sales arguments to support the use of castings in the 
machinery he is selling. If he does not have them, and 
if he cannot convince his customer that there is a 
value in the use of castings, then he goes back to his 
own design engineers and demands changes to mater- 
ials and construction methods that will suit the wishes 
of his customer. The patternmaker cannot sell a pattern 
to a foundry or a builder of machinery unless there 
is a part which is going to be made as a casting. 

With an understanding of this factor then all pat- 
ternmakers associated with the casting industry have a 
common customer. While we must please the inter- 
mediate groups, we must, more than anything else, 
seek to serve the user of machinery built with castings. 
To accomplish this purpose, I believe that the ideal 
customer for a patternmaking shop is the foundry 
which is going to produce the castings. Under such 
conditions the man whom we are both trying to please 
and sell will be best served. 

In the light of the castings technology which is now 
available, and which is growing every day, only by 
selling to the foundry can a patternmaker reach out 
towards the maximum development of the advantages 
inherent to the casting process in any given part. 
Knowing that this objective can never be wholly rea- 
ized, there are other methods that can help achieve a 
similar goal. 

COMMON PROBLEMS 


Before these are discussed, it will help if we recog- 
nize some of the problems that are common through- 
out the casting and patternmaking industries. Under 
the philosophy of a competitive system of free enter- 
prise, every individual has a right to succeed or fail in 
his endeavors. In both the patternmaking and foundry 
industries there is a substantial annual turnover of men 
who have proved, or are in the process of proving, that 
they too have a right to fail. The patterns and the 
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castings which these incipient failures pioduce and 
market are damaging to all of us. Once they are out in 
service they become a black eye to our industry. Fortu- 
nately our competitors, particularly in the fabrication 
field, are hamstrung by the same type of individual. 
There is nothing that can be done about such an 
element except to overcome the damage they do with 
more complete customer and user education as to 
what a proper casting and a pattern can be. 

Even in successful pattern shops, and foundries as 
well, there are a few other characteristics that are 
detrimental to the total market for our combined 
efforts. One of these is the persistent effort on the part 
of some pattern shops to use cores and make core 
boxes for every possible job. At times it seems as 
though the pattern shop has gone out of its way to 
devise some means of getting cores into the mold. At 
today’s labor rates, anything that can eliminate steps 
in the production process is a means of assuring future 
markets. A core, after all, has only one function — to 
reduce the cost of a part. When labor rates were low 
there was considerable use of green sand cores. The 
baked core was an improvement cost wise, but was 
never intended as a cost raiser. 


General Purpose Pattern 

The general purpose pattern is another one that is 
hard for the casting industry to live with. Usually such 
patterns are made ‘for gray iron and serve when cast 
in that metal. From this, they are used for bronze, 
for steel, and I imagine that some of them have even 
been used to make aluminum and magnesium castings. 
But poor products and the generally dissatisfied custo- 
mer are predictable end results. One of the challenges 
that foundrymen can lay dewn to the patternmaking 
industry is simply to have every pattern marked as to 
the metal for which it is made and to avoid misleading 
a customer by stating that the pattern will serve for 
anything. 

Cheap materials and cheap construction, as means 
of obtaining business by underbidding a competing 
patternmaker, is another one of “those things.” There is 
a one-time pattern which should be destroyed after 
the job has been run. When a patternmaker, however, 
assures a customer that his lower cost job will last a 
long time he is only creating ultimate dissatisfaction. 
The poor foundryman is supposed to store that pattern 
for a period up to 10 or 15 years. In that time the 
pattern will change its shape and dimensions not only 
with age but with the seasons of the year. All the 
patternmaker has done is to create a running score 
between the foundry and his customer to the ultimate 
detriment of the whole industry. 


Effects on Casting Quality 

Draft and surface finish on patterns directly affects 
the quality of the casting. A pattern that will not draw 
well from the sand cannot help but break up the mold 
or the mold wall and cause sand inclusions in the 
casting. Within the past two months I have seen a 
beautifully finished mahogany pattern that was actual 
backdrafted and had to be returned for reworking. 

The same condition occurs when a poorly selected 
wood or a porous surface on a metal pattern is per- 
mitted to leave the pattern shop. The wood grain will 
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surface on the metal pattern. No matter how hard you 
try to cover it up with filler material it soon works 
out and causes the same difficulty. 

I would not want to accuse any man of practicing or 
permitting any of the above in his own shop. Suffice ‘o 
say that these were problems 30 years ago, when | 
first entered the industry, and they are still observab!e 
as I go around the country today. The education of our 
direct customers, where we are dealing with the buil«- 
er of the machine, is about the only solution for which 
one can hope. 

During my early years in the foundry industry | 
received the help of many older foundry and pattern- 
making mechanics. At that time there was no other 
place to obtain knowledge except out of the heads 
of men who had spent their lifetime in the industry 
and who had developed principles of their own by 
which they operated. Many of these principles have 
since become well founded in the light of subsequent 
engineering interpretation and, of course, a few have 
been proved erroneous because they did not reach 
down to fundamentals. 

Most of these men have since retired and only a 
few remain. Neither a molder nor patternmaker has 
the opportunity to gain wide experience by moving 
from shop to shop and around the country as was the 
case 40 or 50 years ago. With the advent of wholesale 
union organization this means of obtaining experience 
was stopped and our whole industry suffered for a 
few years because of the gap created in its technology. 

This gap has now been closed through the establish- 
ment of functions which were formerly in the hands 
of either the individual craftsmen or the foremen in 
the shop. As we now know, foundry engineering is not 
only taking over these old functions but is improving 
upon them. Each year sees more foundries adding this 
function to their organization, and the time will come 
when it will be absolutely necessary for successful 
operation. 

PATTERN ENGINEER 


It is the foundry or casting engineer who is respon- 
sible for the developments that will create the best 
design, the lowest cost, or both, from the customer 
point of view. This is the man in the foundry organi- 
zation with whom the patternmaker can best reach out 
for a better total market for castings. 

Within the pattern shop itself there is needed a 
counterpart of this man performing similar functions 
from the pattern end. All of us realize that such a 
man cannot be pulled out of a school. He is a man 
that will have to be created and developed in pattern 
shops during the foreseeable future. He could be an 
engineering graduate but he could also be a mechanic 
with an overwhelming curiosity for the reasons why 
and how things happen. He could even be a man who 
is physicaly unfit to serve as a mechanic, as long as he 
has good eyes and a good head on his shoulders. With 
these two requisites he can develop the knowledge that 
is needed. ] 

Such a man would make it his business to be familiar 
with directional solidification and the process design 
peculiarities of each metal. He would be familiar with 
the technology of stress analysis, sand mold mechanics, 
the technology of pattern materials, and would: keep 
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himself up to date by devoting his attention to the 
current literature on these subjects. It is true that 
some of the smaller shops cannot afford a full-time man 
in such a position but at least one man can be assigned 
that task and be expected to keep up with these 
developments. 

His job would be to integrate pattern technology 
with that of the foundry and customer design engi- 
neers. In many of the larger pattern shops we now 
have the effect of this function and some men have 
been serving in this capacity for many years. The point 
[ am making is that the idea needs to grow, and 
further, that there are many other contributions the 
pattern industry could make to the overall good of the 
industry when such men are available. 


Engineering Problems 

Suppose we consider some of the opportunities open 
in promoting the use of castings. Each year Machine 
Design publishes a run down of design engineer prob- 
lems. They list about 14 in all. In the period from 
1950-58 the problem of reduced costs has headed the 
list, followed by improved appearance, production 
methods, decreased maintenance, material selection, 
weight reduction, greater precision, quieter operation, 
and reduced vibration which are the ones that affect us 
more than the others. All of these are of interest to the 
patternmaker. 

I know that we occasionally gripe about improper 
buying practices on the part of customers, but all of 
all of us must admit that most of these men are open 
to any cost reducing suggestions. We know that there 
is a considerable tonnage of cast material used because 
it is the cheapest method of obtaining a part. We also 
know that the good buyer and design engineer is 
always interested in the end cost of a finished unit as 
it leaves his plant. 

When he has confidence in his foundry and pattern- 
making suppliers, he will listen to cost reducing ideas 
which may mean a more expensive pattern to produce 
a lower end cost casting. He will also listen to sug- 
gestions which might combine parts and save money 
in the end, as well as to suggestions that would divide 
complicated castings up into simpler units while still 
retaining a competitive cost advantage over other 
materials. He will listen to design suggestions that 
will eliminate costly foundry operations and insure 
better performance of the end product. 

Both the foundry and the pattern engineer can work 
towards the improved appearance of castings and espe- 
cially the appearance of the end products in which 
they are used. Both of these men will also be interest- 
ed in having the customer set up common reference 
points or lines on a drawing so that the patternmaker, 
the foundry, machine shop, and the inspector will all 
be working from the same dimensions in the same 
sequence. They will also be interested in providing 
accurate locating points for machine shop operations 
and will seek to avoid the chucking of castings on 
parting lines, or other points where close dimensional 
tolerances cannot be readily maintained. 

Both of these men can work towards closer dimen- 
sional control of castings. In fact, one of the major 
contributions which the patternmaking industry could 
make at the present time would be a pooling of knowl- 
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edge as to reproducibility under different foundry 
conditions and the exactness to which casting shrink- 
age can be predicted. I have spent many hours with 
pattern men in my lifetime and in every case I have 
found that most of them have their own methods of 
determining variable shrinkage characteristics. This 
has developed out of their own long experience but I 
doubt whether much has ever been committed to 
paper. 

If it were possible, a tabulation of shrinkage and 
reproducibility data throughout the foundry industry, 
correlated into a set of findings and recommendations 
for various size castings as well as shapes, would be a 
major aid to the marketing of our products in the 
years ahead. It is a big job, but it is one that is 
within your capabilities. It constitutes a challenging 
opportunity to be of service. 

As an illustration let us take a quotation from the 
AFS PATTERNMAKER’S MANUAL, 1953 Edition, in which 
the following paragraph appears on Page 63: 


In conclusion of this analysis it may be established, as 
a rule, that solid ring castings and full segments should 
be made to shrinkage-rule measurements. 


Actually this statement never was completely true. 
As an industry we may have been getting away with 
it because of satisfactory finish allowances. In the 
demand for lower cost production getting away with 
it is not going to be good enough. Each patternmaker 
has his own corrections which he makes for ring cast- 
ings of various section size and diameters. These vary 
as flanges are added or as the section itself varies in 
shape as well as for the various different alloys in 
which the ring might be cast. This is only an example 
of what was once good enough now becomes a hind- 
rance to a fuller realization of market potential. 


Stress Analysis 

A working knowledge of stress-analysis by the pat- 
tern engineer can also be a marketing help. In the 
initial stages of developing a casting design for mini- 
mum weight and most efficient use of the metal, wood, 
plastic, and even plaster models can be directly used 
to indicate weak stress zones by the brittle lacquer 
technique. Certainly the pattern industry can be of 
service in providing such models of prototype designs. 

There are many other facets of both foundry and 
pattern engineering which we cannot discuss at this 
time. I repeat, the greatest, service that the pattern 
industry can render the individual producing foundry 
is to work through the latter back to the customer in 
establishing the final design. Bypassing the foundry at 
the design stage does not serve the best interests of 
anyone and is certainly not conducive to desirable 
customer satisfaction. 

There are many men who manage pattern shops 
connected with major manufacturing firms. It is these 
men who can speak from real experience, and I 
recommend their manner of operating to all of you. 

We could keep on detailing point after point but I 
believe that there is enough to suggest several avenues 
for both your individual as well as collective considera- 
tion. I would like to suggest the following. 

The AFS PatreRNMAKER’S MANUAL contains a brief 
section on the buying and use of patterns. The educa- 
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tion of your customer, whether he is a foundryman or 
a machine manufacturer, is a difficult road. Those of 
us in the castings industry know from experience that 
it is a continuing and often a discouraging process. 
We realize, however, that it is something we must 
hammer away at day in and day out if we expect to 
retain or increase our market position. 

In selling to the buyers of basic materials such as 
castings we are competing for their time and attention 
with many other sellers in a variety of fields. A buyer, 
for this reason, will perhaps never sit down and read 
the PATTERNMAKER'S Manuva . This does not mean that 
you should stop endeavoring to get his attention, 
because other techniques are available. 

A brief pamphlet or handbook which can be easily 
read within a matter of minutes and which uses 
pictures or drawings to describe the main points will 
find acceptance among the buyers of pattern equip- 
ment. By this method, the various quality levels, ex- 
pected service life, care and maintenance, and other 
factors could be presented to these men in a manner 
which would permit them to absorb the data without 
too much effort. When I say effort, I mean that in a 
matter of a few minutes they can glance through and 
get the gist of its contents to the extent that they will 
know where to look for the information when specific 
problems come up. It then becomes a reference piece 
in their file which can bet called upon for at least 
a general background when a specific problem arises. 

I am making no effort to outline such a booklet and 
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all I am doing is calling attention to the need for ‘t. 
It could very well be a section of the overall AIS 
PATTERNMAKERS MANuAL. As mentioned before, a 
book discourages reading by a buyer, but somethi: g 
that looks as though he could take care of it in short 
order will draw his time and attention. 

In the whole foundry industry I doubt if there is 
any one man who has been able to keep up with @!! 
the advancing technology which has been so noticeable 
during recent years. My personal attention is being 
devoted to where castings are used and how we can 
get more people to use them. As a result I feel that I 
am pretty far behind in some of the actual develop- 
ments within the patternmaking industry. In the early 
part of my talk I called your attention to a few of the 
more doubtful facets of the business which I have 
noticed in recent months around the country. I could 
just as easily point out some of the truly marvelous 
patterns which I have seen. As always, there is the 
mark of ingenuity and progress when you look at the 
pattern industry as a whole. 

Patternmakers are no longer just making wood pat- 
terns as was done back in the early thirties. Some are 
even operating tool and die shops. 

What I have said concerning how to help sell more 
castings reaches out into a better future for all of us. 
Along with many other men in the industry, I readily 
acknowledge the tremendous advances that pattern- 
makers have made in their own segment of the foundry 
business. 
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Malleable Division 


Presiding: M. Trttey, National Malleable & Steel Castings 
0., Cleveland. 

J. W. Crarxe, General Electric Co., Erie, Pa. 

Secretary: G. B. MANNWEILER, Eastern Malleable Iron Co., 
Naugatuck, Conn. 

Observations on Pinhole Defects in White Iron Castings, by 
R. W. Herne, University of Wisconsin, Madison. 

L. A. Weaver:! How critical is the mass of the casting as 
far as pinholing is concerned? 

R. W. Here: The defects do not normally occur in small 
castings because of their high freezing rates. 

L. A. Weaver: What elements in the iron, other than hydro- 
gen, oxygen, nitrogen, and water vapor contribute to pinhole 
defects? 

R. W. Herne: There is no association between tramp ele- 
ments and pinholing. 

B. C. YEARLEY:2 What type of binder was used in the mold- 
ing sand for these tests? 

R. W. Herne: Bentonite. 

B. C. Yearuey: Is ‘there any connection between molding 
sand binders and pinhole defects? 

R. W. Herne: It is difficult to separate the binder effects 
from the rest of the molding sand elements. It is essentially a 
matter of sand base and mulling cycle. 

As an example, take two castings, one commercially accept- 
able, the other not. The commercially-acceptable casting on 
the gate of two is faced with a fire-clay bonded sand; on the 
other the facing sand is bonded with southern bentonite, and 
has a zone of pinholes near the parting line. 

The explanation for the difference is that for the same mull- 
ing cycle, moisture and base sand (containing 5 per cent fines, 
200, 270 and pan), the mulling time is insufficient to break up 
the silica-clay balls formed when the bentonite latched on to 
the fine silica sand. 

R. Maranve:? When we ran into a serious pinhole condi- 
tion, we found that iron oxide slag was being carried over 
from the transfer ladles and was trapped in the molten iron. 
The remedy was to reline the ladles more frequently and to 
skim the heat more often. 

R. W. Herne: When the amount of steel is increased in the 
cupola charge for low-carbon gray irons, the oxidizing poten- 
tial is raised, which in turn increases the probability for re- 
action pinholes to develop. 


1. Prod. Met., United Engineering and Foundry Co., Canton, Ohio. 
3 eee. Vice-Fresident, National Malleable and Steel Castings Co., 
levelan 


3. Met., ohio Malleable Div., Dayton Malleable Iron Co., Columbus. 

Steel Scrap Specifications for Duplexing Cupola White Iron, 
by R. H. Greenee, Auto Specialties Mfg. Co., St. Joseph, 
Mich. 

M. TiutLey:! Do you preheat the blast? 

R. &. GREENLEE: Yes. 

A. H. Karpicxe:2 What premium is paid for baling? 

R. H. Greenvtee: Two or three dollars a ton. 

R. W. Hetve:* How long is the steel in the stack before 
being melted down? 

R. H. Greentree: About 50 min. 

R. W. Herne: There are two sources of iron oxide viz. 1) on 
the surface of the charge, and 2) that formed during preheat- 
ing. Therefore the height of the stack is important. Is there a 
cifference in silicon loss? 


R. H. Greener: Yes. It is greater with the lighter materia|. 

C. O. WittiaMson:* What type of scrap do you consider 
best for duplexing? 

R. H. GreeNn.ee: The scrap should be clean and have a low 
surface area. 

C. O. Witt1aMson: Would wrought iron or steel pipe be 
suitable? 

R. H. Greenuee: Yes, as long as it is not galvanized. 

R. MaARANpbE:® Is the 20-hr anneal that you mentioned for 
standard malleable? 

R. H. GreENLEE: Yes. 


" pes. Dir. Research, National Malleable and Steel Castings Co., Cleve- 


land. 
. aaa Met., Control Foundry Div., General Motors Corp., Saginaw, 
Mich. 
. Assoc. Prof., University of Wisconsia, Madison. 
. General Supt., Grinnell Corp., Columbia, Pa. 
. Met., Ohio Malleable Div. ws Dayton Maileable Co., Columbus. 


Pattern Division 


Presiding: A. F. Preirrer, West Allis, Wis. 

O. C. Burec, Arrow Pattern & Engineering Co., Erie, Pa. 
Secretary: N. C. Jones, New York Air Brake Co., Watertown. 

Construction of Shell Mold Patterns and Core Boxes, by 
W. A. Wricut, Chief Engr., Woodruff & Edwards, Elgin, III. 

MemsBeErR: How do you compensate for size of core and core 
prints of a pattern? 

W. A. Wricut: Use smaller prints. 

Memser: What is the clearance between core and core print 
for dusting? 

W. A. Wricnrt: 0.010 in. 

Mempser: What is your standard size in use? 

W. A. Wricut: 15 in. x 20 in. is the popular size. 

Member: How do you heat treat pattern plates? 

W. A. Wricut: Annealing cast iron plates 3 times and grind 
after each heat treat. 


Presiding: R. L. Otson, Dike-O-Seal, Inc., Chicago. 

M. K. Youne, U. S. Gypsum Co., Chicago. 

Secretary: N. C. Jones, New York Air Brake Co., Watertown. 

A Little Knowledge of Plastics, by R. LEMAsters, Nelson 
Pattern Works, Milwaukee, Wis. 

MemsBeErR: Does COs have any effect on plastic core boxes? 

R. LeMaster: No effect. In fact, hard to draw boxes will 
draw easier when made from plastic. 

Memser: How about soft rams due to the smoothness of 
plastic pattern equipment? 

R. LeMaster:! No opinion. 

Memser: How do you insert vents in plastic core boxes? 

R. LeMaster: Drill plastic for bushings and vents, using 
carboloy drills. 

MemsBer: How do you promote cure of plastics? 

R. LeMasrter: Use oven cure as this adds strength to plastics. 

Member: How long does it take before a plastic pattern is 
ready for the foundry? 

R. LeMasrter: A pattern is ready for the foundry in 36 hr. 
It gets harder after the 3rd to the 7th day. However, a quick 
cure can be accomplished by using infrared lamps. 

Member: Are shell core boxes made from plastic? 

R. LeMaster: Due to the high temperature it is not advis- 
able to make them of plastic. 

W. Weaver:! A new development is in process whereby 
metal fibers with plastic are used for plastic core boxes. Experi- 
ments with this material show that a plastic core box made of 
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this material at 500 F will cure a shell core in 3 min, where 
1 core from an iron box will cure in 30 sec. This material is 
not ready for the market yet. 


1. Modern Pattern and Plastics Co. 

Construction Hints and Wear Characteristics of Plastic 
Patterns and Core Boxes, by Victor E. Zanc, Vice-President, 
Unicast Corp., Toledo, Ohio. 

MemsBer: What was the filler shown in the figures? 

V. E. Zane: Plaster or plastic. Plaster is 4 cents per lb; plastic 
is 8 cents per lb. 

Member: What is your largest jolting pattern? 

V. E. Zanc: The largest pattern used on a jolt machine is 
about 24 in. x 24 in., reinforced with aluminum frames, hemp 
and plastic, with volcanic rock for filler. 

Member: How many layers of glass cloth are used? 

V. E. Zanc: We brush on the layers into the plastic. We used 
4-in. thickness about 20 layers of cloth. Using No. 11 — 22, 
and 29 glass cloth. 

MeMBeEr: Do you use a steel frame for back up? Is it ex- 
pensive? 

V. E. Zane: It is. Wood did not hold up. 

Mempser: For a short run in the foundry, would you use 
plastic? 

V. E. Zanc: No, I would use a wood pattern. 

Memser: Have you checked the cost of a single pattern 
between plastic and aluminum? 

V. E. Zane: Yes, plastic is cheaper, dimensionally all right, 
and draws better. 

a ee Sa 2 = 
Steel Division 
Presiding: C. Locxe, Crucible Steel Castings Co., Cleveland. 
C. K. Donono, American Cast Iron Pipe Co., Birmingham, 
Ala. 
Secretary: W. A. Koprt, International Nickel Co., New York. 

Improving Electric Furnace Refractory Lfe by Special Shell 
Cooling Techniques, by V. J. Howarp, Oklahoma Steel Castings 
Co., Tulsa, Okla. 

P. Dempsey:! Mr. Howard, what modifications were made 
in the electrode cooler when the design was changed? 

V. J. Hcwarp: The taper was inverted. BY that I mean the 
top and bottom diameters were reversed. Also, the taper was 
decreased to 20 degrees. The wall thickness was decreased to 
provide additional cooling by permitting a greater quantity of 
water to be circulated per unit time. 

P. Dempsey: What is the clearance between the electrode 
cooler and the electrode? 

V. J. Howarp: We use 8 in. graphite electrodes, and there 
is approximately 4-in. clearance all around between the elec- 
trode and cooler. 

P. Demsey: Does your increased refractory life inch:e arches 
and other critical areas? 

V. J. Howarp: Yes. 

S. Boyse:2 Do you top charge your furnace or do you use a 
chute? 

V. J. Howarp: We have top charge furnaces. 

S. Boyse: When you put heat in the furnace during the 
shutdown period, do you notice any oxidation? 

V. J. Howarp: No, we do not. 

S. Boyse: What are the primary causes for shutdown? 

V. J. Howarp: Roof ring and electrode coolers. 

S. Boyse: Do you use silica skew backs in your roof construc- 
tion? 

V. J. Howarp: Yes, we do. 

H. Prior:* Where do you install the cooling gland on the 
furnace? 

V. J. Hewarp: It is placed around the outside of the furnace 
shell. 

H. Prior: Does the roof ring line up with the furnace shell 
or is it larger than the shell? 

V. J. Howarp: The roof ring fits flush with the furnace shell. 

V. Zanc:* I think the author has given us a very interesting 
and informative paper. I would like to ask Mr. Howard if he 
has noticed any excessive burning of the electrodes with the 
inverted taper electrode cooling glands and the fume collector 
turned on? 

V. J. Howarp: No, we have not noticed any increased elec- 
trode usage. 


. Kensington Steel Co. 
. Monroe Steel Castings Co. 

3. Superior Electrocast Foundry. 
. Unicast Corp., Toledo, Ohio. 


Some Factors Affecting the Toughness of Mild Steel Castings, 
by H. H. Farrrrecp and J. A. Ortiz, Los Angeles Steel Cast- 
ings Co., Los Angeles. 

C. SunpBerc:! At what carbon level do you obtain your best 
ductility? 

H. H. Fairrietp: Between 0.20 per cent and 0.30 per cent 
carbon. 

. SuNpBExc: Where do you aim your carbon? 

. H. Farrrrm.tp: We aim our carbon at 0.25 per cent. 

. SuNDBERG: What is your manganese level? 

. H. Famrre_p: Our manganese range is 0.40-0.60 per cent. 
. SuNpBERG: Do you analyze for acid soluble aluminum? 

. H. Farrretp: Yes. 

C. SunpserG: What does it run? 

H. H. Farrrretp: We try to stay under 0.08 per cent alu- 
minum. If we go higher than this, we get a rock candy struc- 
ture and the galaxy-type inclusion. 

C. E. Sms:2 With a high aluminum residual did you say you 
form an inclusion similar to the Type 2 inclusion? 

H. H. Fatrrrecp: We have observed the galaxy-type inclu- 
sion which results in low ductility. 

V. Zanc:3 How much do you drop your carbon? 

H. H. Fatrrrecp: We like to drop our carbon 0.30 per cent. 

V. Zanc: Do you have a minimum carbon level drop such 
as from 0.70 per cent — 0.40 per cent for various grades of steel? 

H. H. Famrrecp: We try to melt in at 0.55 per cent carbon 
and go down to 0.20-0.25 per cent. If we go too low, we will 
add carbon in the ladle, if necessary. 

V. Zanc: Have you observed a carbon range where the flush- 
ing action of the boil is most effective to remove hydrogen? 

H. H. Famrtretp: No, we do not know the carbon range 
where flushing is most ~ fective. 

S. Boyse:4 What . 4 you use for raising the carbon in the 
initial charge? 

H. H. Farrrietp: Two-in. square pressed carbon briquettes 
are added with the charge. 

S. Boyse: Could you go down to 0.15 per cent carbon and 
remove more hydrogen? 

H. H. Farerrecp: If we have a carbon drop greater than 30 
points, we experience lower ductility due to the increased con- 
centration of FeO in the slag. 

S. Boyse: What size tap hole do you have on your basic 
lined furnace? 

H. H. Farrrexp: Our tap hole is a 2%-in. diameter. 

S. Boyse: Do you use the same size tap hole for your acid 
furnace? 

H. H. Farrrrecp: No, we need a larger diameter. For a 
6,000-Ib heat we use a 34-in. diameter tap hole. 

C. E. Sms: There are several things in this discussion of 
great interest. We know that a carbon boil is important and 
also that it must be vigorous and of sufficient duration to be 
of maximum benefit. The amount of carbon removed is not in 
itself a good criterion because if the rate of removal becomes 
too slow, hydrogen may be picked up faster than it is being 
removed. 

We are likely to over simplify slag-metal relations when we 
attempt to correlate acid slag behavior to FeO content alone. 
An acid slag contains about 50 per cent SiOz as acid oxide 
while the rest is composed of various proportions of the basic 
oxides FeO, MnO, and CaO. The fluidity and, to a great extent, 
the oxidizing power of such a slag are functions of the sum 
of the basic oxides. They are, of course, an inverse function of 
the silica content. To a considerable extent, the basic oxides are 
interchangeable. For example, a slag containing 35 per cent 
FeO with a total of 45 per cent basic oxides would be a 
thick, viscous slag, low in oxidizing power, whereas a slag con- 
taining only 10 per cent FeO but a total of 60 per cent basic 
oxides would be thin and very oxidizing. Therefore, we can- 
not tie oxidizing power to FeO content unless the other con- 
stituents are held constant. 

Mr. Fairfield showed a steel which, I believe he said, con- 
tained 0.27 per cent S and Type 3 sulfides, was made under a 
low FeO slag and gave 60 per cent reduction of area. Another 
steel had 0.19 per cent S, Type 2 sulfides, was made under a 
high FeO slag and gave only 42 per cent reduction of area. I 
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would like to point out that had the second steel contained 
0.027 per cent S and nothing else different, its reduction of area 
would have been lower than 42 per cent. On the other hand, 
with a higher residual Al to obtain Type 3 sulfides, the lower 
sulfur steel should have had better ductility than the first. The 
high FeO may have deen responsible for poor aluminum re- 
covery, but if so it had only an indirect effect on the ductility. 

We should also remember that getting hydogen out of steel 
is one problem but keeping it out is another. All earlier efforts 
to produce low hydrogen steel may be in vain if we use im- 
properly dried ladles. 

H. H. Farrrretp: Thank you for your comments, Mr. Sims. 
We should caution the reader that the observed relationship 
between FeO in slag and ductility is valid only under the con- 
ditions existing at the writer’s plant. The acid slags described 
in this paper contained from 8-14 per cent CaO. 

The point we wish to make is that with a consistent melting 
practice, metal quality will vary with FeO content of slag. 


1. Minneapolis Electric Steel Castings Co. 
2. Battelle Memorial Institute. 

3. Unicast Corp., Toledo, Ohio. 

4. Monroe Steel Castings Co. 


The Electric Arc in Melting Furnaces, by W. E. Scuwabe, 
National Carbon Co., Div. of U. C. C. Corp., New York. 

C. L. Apovasio:! We have a malleable iron duplex opera- 
tion, cupola electric furnace, where the heat input requirements 
for hot metal is low due to the lower production rates at pres- 
ent. Upon adding new lines of work to our present setup, 
production in the near future will be substantially increased. 
At the lower production levels, only 150 to 200 kw input are re- 
quired to superheat the metal to approximately 2870 F. 

Of course, at the beginning of the day’s run, the kw input 
is higher, approximately 500 kw, because of a cold furnace. At 
the lower kw input, the arc was very unstable, and was im- 
proved somewhat by reducing the speed of the electrode motors 
from 6 ft per min to 3 ft. The greatest improvement of stability 
was obtained by changing from graphite electrodes to carbon 
electrodes, in which case, the effect of pencilling was much less 
pronounced. Can you explain why the carbon electrodes showed 
better performance? 

W. E. Scuwase: Carbon electrodes deliver arcs which are 
somewhat less erratic than graphite electrode arcs. Because of 
the lower thermal conductivity of carbon, the hot spot sticks 
more closely to one location. In this particular case it was pos- 
sible to replace graphite by carbon electrodes of the same 
diameter because the current is rather small. The duplexing re- 
quires much less power than cold charge operation. The lesser 
degree of pencilling is probably due to the faster rate of lineal 
consumption of the carbon electrode which leaves less time for 
oxidation on the sidewall of the electrode. 

P. Dempsey:2 When the electrodes pencil, is there a critical 
size where arc interference is encountered? 

W. B. Scuwase: For arc stability, it is desirable to have an 
electrode pencilled to a point; however, the electrode tip also 
is required to provide a shield for arc radiation. Therefore, it 
is necessary to compromise between the effects of arc stability 
and radiation shielding. 

C. E. Sms:3 I would think that the Mexican operation would 
obtain equally good results merely by using smaller graphite 
electrodes. Of course, that might not be mechanically feasible. 

W. E. Scuwase: Possibly so. A lot depends on the heat re- 
quirements during this operation. As already mentioned, a too 
much pencilled electrode tip which we might have to expect by 
using a smaller graphite electrode permits a great deal of heat 
to reach the upper regions of the sidewall and the roof. This 
would lower the thermal efficiency of the operation. 

V. Zanc:* How much can the demand be varied on a 3,000 
KVA transformer and maintain efficient melting operations? 

C. L. Apovasio: We have a 1,200 KVA transformer. After 
the metal is in the furnace we need a very small input, some- 
thing like 130-135 KVA per ton. 

W. E. Scuwase: For high electrical efficiency the transform- 
er should be loaded to rated capacity where efficiency values 
of 98-99 per cent are reached. Furnace practice, however, often 
requires to deviate considerably from this condition. Electrode 
regulators should be adjusted such that the power factor 
measured over a certain time period is not less than approx- 
imately 75 per cent. 
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1. Supt. Technical Dir., Cia. Fundidora del Norte, Salrillo, Coah., \ x- 
ico. 

2. Kensington Steel Co. 

3. Battelle Memorial Institute. 

4. Unicast Corp., Toledo, Ohio. 


Presiding: D. N. RosensLatr, American Foundry & Mach‘ne 
Co., Salt Lake City. 

E. W. O’Brien, Oklahoma Steel Castings Co., Tulsa, Okla. 
Secretary: C. A. Faist, Burnside Steel Foundry, Chicago. 

The Effect of Vanadium on the High and Low Temperature 
Mechanical Properties of a 1-Cr 1-Mo Cast Steel, by L. D. 
Tore and R. S. Zeno, General Electric Co., Schenectady, N. Y. 

Mr. JENNINGS:! Was there any difficulty in welding the hizh 
vanadium steels as compared to the straight chrome-moiy- 
bdenum grades? 

L. D. Tore: There was no difficulty encountered. 

Memser: Was the procedure for welding these steels in 
regard to prehead and settings, etc., the same as for the chrome- 
molybdenum grades? 

L. D. Tore: Yes. 

Memser: Were the forged and cast steels in the tests in the 
same hardness levels? 

L. D. Tore: Yes. 

Mr. JENNINGS: Were the test pieces sectioned transverse or 
longitudinally? 

L. D. Tore: All test pieces reflected longitudinal properties. 


1. General Steel Co. 


Factors Influencing the Resistance of Steel Castings to High 
Stress Abrasion, by T. E. Norman, Climax Molybdenum Co., 
Denver, Colo. 

Mr. Dempsey:! Was there any variation in weight of the 
balls originally? 

T. E. Norman: There was very little variation in weight; 
in fact, for the 5 in. diameter ball, which weighed approximately 
18,000 grams, there was only an average variation in weight of 
100 grams. Each ball had the decarburization removed prior to 
testing. 

P. ALmeER:? Referring to Table 2 of the paper, I notice very 
little difference in the chemistry of the heats. How do you 
account for the difference in the wearability? 

T. E. NormaN: The higher austenitizing temperature gave 
lower hardness values. 

MemMser: Does this reflect higher retained austenite? 

T. E. Norman: Yes. Higher retained carbides give better 
wear resistance with a decrease in physical properties, whereas 
low retained austenite gives inferior wear but better physical 
properties. We found it advisable to keep some dissolved car- 
bides. 

Mr. Lonc:* I wish to compliment the speaker on his fine 
presentation. We find that nickel is an austenitizing stabilizer 
but that balance of alloy and heat treatment does not work to 
the detriment of the steel. I wish to ask what part corrosion 
resistance plays in the end result. 

T. E. Norman: All the evidence which we accumulated in- 
dicates nickel does injure the steel by stabilizing the austenite 
but we find that we must compromise in that some nickel is 
necessary for hardenability. In this respect, however, we find 
it not so dangerous to wear resistance as manganese. In answer 
to the corrosion question, we found that corrosion resistance is 
not a big factor since if it were, high chromium bearing steels 
should be superior, and our test results do not prove this out. 
We believe it is a matter of heat treatment and subsequent 
microstructure. 

E. H. Howe tts:* With respect to the test procedures, do you 
believe that the ball gets the same type of wear as liner plates 
for test purposes? 

T. E. Norman: Yes, the service characteristics are similar 
as shown by the tests. 

Mr. Cracen:5 Were changes in compositions other than 
manganese variations investigated? 

T. E. Norman: Some work was done, but most of the work 
centered around variation of manganese. 

Mr. Bocx:® A difference of austenitizing temperatures be- 
tween 1,800 F and 1,900 F could be expected to have a vari- 
able effect on grain growth. How much variation in wear 
subsequent to decarburized surface removal do you attribute to 
the grain growth variation? 

T. E. Norman: Since very little of the surface was removed, 





Discussions 


] doubt that too much weight could be placed on the phenom- 
enon mentioned. 

Mr. Dempsey: Were these tests conducted at or in excess of 
critical loads or speeds? 

T. E. Norman: In one instance the tests were conducted at 
65 per cent critical and in the other at 85 per cent of critical. It 
should be mentioned that in all tests the balls were rotating and 
not sliding which tended to equalize the wear. 


!. Kensington Steel Co. 
2. Link-Belt Co. 

3}. International Nickel Co. 

i. Bethlehem Steel Co. 

. Taylor-Wharton Co. 

3. National Malleable and Steel Castings Co. 

Cast Age-Hardenable Austenitic Steel, by E. A. Lance, N. C. 
Howe ts and A. Bukowski, Naval Research Laboratory, Wash- 
ington, D. C. 

Mr. Rossenrass:! Do you have any information on the im- 
pact properties? 

E. A. Lance: Not as yet but we would expect fair toughness 
in the range of 25 per cent — 30 per cent elongation. 

P. Atmer:2 Did you find that in the case of precipitation 
hardening alloys under stress that stress corrosion cracking be- 
comes a problem? The authors indicate a boost in stress cor- 
rosion resistance. 

E. A. Lance: The 17 per cent chrome alloy with a 2,100 F 
solution temperature did not scale, but no corrosive medium 
was applied. 

Mr. Cass:3 What was the lowest vanadium level worked 
with? 

E. A. Lance: We tried various levels. With no vanadium we 
got no precipitation hardening effect. At 0.12 per cent vanadium 
there was a slight effect. At 0.20 per cent vanadium there ap- 
peared to be a break from which point precipitation hardening 
seemed to increase greatly. 

Mr. Scotr:4 Were any problems of intergranular precipita- 
tion encountered in raising these steels to temperatures for 
the purpose of quenching? 

E. A. Lance: Not to my knowledge; in fact, in an 8 in. diam- 
eter cylinder quenched from 2,100 F no intergranular pre- 
cipitation was in evidence at the very center of the section. 

Mr. Doane:5 What type of chromium carbide was formed? 

E. A. Lance: The plain type chromium carbide was the one 
principally formed. 

1. American Steel Co. 
2. Link-Belt Co. 
8. Thompson_ Products. 


4. Jennings Cylinder Co. 
5. Climax Molybdenum Co. 


Sand Division 

SpeciaL Nore: Four of the figures in the paper Sodium Sili- 
cates for the COs Process, by E. A. LANcE and R. E. Morey, 
Metal Processing Branch, Metallurgy Div., U.S. Naval Research 
Laboratory, Washington, D. C., were not identified as to their 
source. Figures 1-4 are from Vail, J.G., A.C.S. Monograph, 
Soluble Silicates, vol. 1, Reinhold Publishing Co., New York, 
1952, pp 79, 92, 82 and 30, respectively. Figures 1, 2 and 4 
are from original work done in the laboratories of the Phila- 
delphia Quartz Co. Figure 3 originally appeared in Bennet, 
J. Physical Chemistry, 31, 890, 1927. 


Presiding: F. J. Prarnr, Lake City Malleable Co., Cleveland. 

J. B. Caine, Consultant, Cincinnati. 

Secretary: E. F. THomas, Ohio Foundry Co., Cleveland. 

A Literature Review of Metal Penetration, by A. E. Murtron 
and §. L. GertsMANn, Dept. of Mines & Technical Surveys, 
Ottawa, Ont., Canada. 

H. Petersson! (written discussion): The authors’ point with 
right perhaps, at the difficulty of combining some of the results 
of my experiments regarding the influence of pressure on the 
rate of penetration and my opinion that it is not the solidifica- 
tion of the leading tips of the penetrating metal that determines 
the rate. Once I believed, as the authors now suggest, that it 
was the increasing filling of pores with increasing pressure that 
explained the relation between rate and pressure, the heat con- 
ductance being increased as the filling of the pores increased. I 
do not believe in that explanation now. One reason is that there 
is normally not much porosity left in a penetrated area. 

To go back to the question of the effect of freezing of the 
leading metal tips, let me point out the fact that in an immersed 
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core after a certain time of immersion the depth of penetration 
increases approximately in direct proportion to the metal pres- 
sure above a certain critical pressure (corresponding to a sim- 
ilarly increasing speed of penetration). If no penetration had 
occurred, the sand grains at a certain depth below the core 
surface would have had a temperature equal to the liquidus 
temperature of the metal. As the penetrating metal accelerates 
the heating of the sand it is physically impossible that the 
penetration can be stopped by solidification between the sur- 
face of the core and the mentioned isotherm. 

If on the other hand solidification of the leading metal tips 
should have played a part deeper into the core (at higher metal 
pressure and higher rate of penetration) then this new govern- 
ing factor must have made itself noticed by a break in the 
curve representing the depth (rate) of penetration currespond- 
ing to a slow increase of the rate of penetration and eventually 
no increase at all. Such a break was never observed. The only 
sensible conclusion hereof is that solidification played no notice- 
able part in my experiments. Still, perhaps this should be 
stressed, the greatest measured rates of penetration were by 
no means small compared to what is needed to explain depths 
of penetration met with in practice. 

It is certainly difficult to believe that solidification never 
could be the rate determining factor. There must be a speed 
limit where the heat conductance is too small to keep the front 
of the penetrating metal liquid. Because of the high heat con- 
ductivity of metals and the comparatively low heat capacity 
of sand this speed must be much higher than the speed of the 
motion of the metal liquidus isotherm in unpenetrated sand. 

A presumption for the discussion so far has been that the 
temperature of the metal adjacent to the sand has been well 
above the liquidus temperature. As soon as it falls down to that 
temperature, or even a little before, freezing begins, starting at 
the leading tips and going back to the casting proper. This 
freezing eventually stops the penetration. During the earlier 
stages of freezing, however, there may be an important effect 
of pressure on the depth of penetration. 

At low pressure it is natural to believe that penetration stops 
as soon as the first crystallization begins, ice. when the metal 
front is at the liquidus temperature. At higher pressures, how- 
ever, an increasing proportion of solidified metal should be nec- 
essary to stop the penetration. The temperature at the metal 
front when the penetration stops should then be somewhere 
between liquidus and solidus at high pressures. In fact Fursund® 
has observed differences in temperatures of the penetrating 
fronts in steel castings in line with these thoughts. A tem- 
perature difference of e.g. 25 C may represent a considerable 
difference in depth of penetration. 

If the freezing of the leading metal tips is of importance 
only in the later stages of penetration (and often also before the 
real penetration starts) then what is it that limits the rate of 
penetration earlier? There is a rather simple explanation which 
in my opinion covers my experimental results quite well. There 
are in molds and cores no pores shaped like tubes, i.e. with 
equal transverse area from one surface to the other. 

In reality the pores consist of voids, mostly somewhat smaller 
than the surrounding sand grains, connected with narrow 
channels or openings. It is thus clear that the penetration can 
not proceed at an even speed. On the contrary the metal must 
repeatedly be hindered at those narrow connections between 
the larger voids. This explanation was already given by the 
writer in the AFS paper, Transactions AFS, Vol. 59, “An 
Investigation of the Penetration of Steel into Molding Sand,” 
pp 35-55. 

Three things may happen when liquid metal arrives at the 
constricted parts of the pores: 1) The metal penetrates directly 
and the rate of flow through the opening is determined by its 
size and shape and by the metal pressure. While the metal is 
flowing through the opening may be enlarged. 2) The opening 
is too small for penetration to occur at once but during the 
combined attack of the heat and pressure from the molten metal 
the edges of the opening soften and shrink away (like they 
often do during normal sintering) so that the opening is en- 
larged enough for the metal to pass through. The time for this 
enlargement should decrease with temperature and also with 
pressure because of its mechanical effect and because a smaller 
opening is sufficient. 

o : 
} Ee 087 ae 288/31 = of the 24th Int. Foundry Congress, 
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It is perhaps appropriate to point out that hardly any mold 
material can be expected to resist the combined effect of the 
temperature of molten steel and of high metal pressure. 3) The 
opening is too small for penetration to occur and it also remains 
too small or may even be closed. 

It is clear that the overall rate of penetration must be deter- 
mined by the rate of penetration through the small opening. 
It was mentioned above that penetration at low pressure occurs 
at a slow rate even when the temperature in front of the pen- 
etrating steel is clearly above the liquidus temperature. This 
evidently is a case when mechanism (2) is at work, i.e. the 
pores have to be widened by sintering before the metal can 
penetrate. It is a good support of the suggested mechanism 
that the rate of penetration is increased more than propor- 
tionately to the increase in pressure when the metal pressure 
is low in relation to the size of the pores. 

At higher pressures the relation between metal pressure and 
rate of penetration is almost constant and then mechanism (1) 
may be supposed to function. As the rate of penetration in the 
first case is extremely low mechanism (1) should be the normal 
case and mechanism (2) more of academic interest. 

The authors ask for the explanation of the extremely rapid 
penetration that took place in the lower part of cores when 
these parts had been held for a couple of minutes in the steel 
bath before the core was brought down to a level where the 
metal pressure would be sufficient for penetration. In my 
opinion these results fit in very well with the above mentioned 
considerations. In this case fairly large continuous pores are 
formed by sintering during the preheating time. When the final 
immersion is made there are no important mechanical obstacles 
in these pores (nor is there any tendency of freezing, which 
might otherwise have made impossible the extremely rapid 
penetration that was observed). It is significant that the pene- 
tration in this case was not of the normal character. The steel 
had penetrated mainly in the form of relatively few and coarse 
veins, apparently as a result of the changes of texture caused 
by sintering. 

Another indication that the narrow parts of the pores are 
really a hindrance is the fact that considerably higher pressure 
was necessary to make less hot cast iron penetrate a certain 
less hot sand than was necessary for steel. As the surface ten- 
sion is somewhat lower for cast iron differences in wetting 
properties or the sintering effect should be the cause. 

One can thus distinguish between at least three types of 
penetration that can occur in a mold. 1) The very rapid pene- 
tration which takes place at an early stage through a layer 
which has been preheated (and sintered if the metal is steel) 
while penetration is inhibited by a solidified metal skin or by 
insufficient pressure of the rising metal. The depth of that type 
of penetration is determined by the degree of preheating but 
can 10t be expected in practice to amount to more than a few 
millimeters. 2) The second type is characterized by a necessary 
enlargement of the narrow parts of the pores and a simultaneous 
penetration. Penetration of this type is very slow and occurs 
only when the pressure is relatively low. 3) The third type is 
the one which apparently causes the deepest penetration. It 
needs little or no sintering and it is the more rapid (deep) the 
higher the pressure is. 

The rate determining factor, until penetration is stopped 
by solidification, is the rate of flow through the narrowest 
channels which must be passed through. With high-melting 
metals like steel an enlargement of the narrow parts of the 
pores takes place while the metal flows through. The rate de- 
termining choke are thus probably concentrated at and near 
the penetrating front, which explains why the rate of penetra- 
tion is almost independent of the depth of penetration when 
the metal temperature is constant, and above liquidus. 

The third type of penetration may be subdivided in two 
processes, one when penetration occurs with no solidification 
at all and another when the metal in the mold is partly solidi- 
fied. In the later case mechanical obstacles other than the pore 
walls appear, namely, metal crystals. In order to understand 
what one can observe in practice it seems to be necessary to 
presume that the crystals. offer only a comparatively small 
resistance and that penetration does not stop until the metal 
tips are practically completely solidified, if the pressure is high. 

The difference in the conceptions of the mechanism of pene- 
tration represented by the writer and Hoar, et al, has its origin 
in the circumstance that the latter studied what has above been 
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called the first type of penetration while the writer mainly 
studied the other types except the probably very importa:.( 
part of type three which is characterized by the progressin« 
solidification of the metal outside the mold wall. 

AutHors’ CLosurE: The authors agree with Mr. Pettersso: 
that sintering of the sand, when it occurs, must influence th 
rate of penetration. Similarly, formation of crystals in a meta! 
with a wide freezing range must be a factor. We do not bs 
lieve, however, that these factors are required to explain th 
approximately straight line relationship between time an 
depth of penetration. 

We duplicated the Pettersson test by immersing sand speci 
mens (62 AFS fineness number) in a bath of pure lead at 695 
F (370 C). The results are shown in Fig. A. It will be see: 
that they are similar to those obtained by Pettersson with stee! 
even though there was no chance for the sand to sinter, and 
the metal had a very narrow freezing range. There was almost 
no penetration at 4 in. immersion. 
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Fig. A — Results of test immersing sand specimens in a bath 
of pure lead at 370 C (698 F). 


The above test confirms the calculations of Hoar and Atter- 
ton that the viscosity of metals is so low that it has a neg- 
ligible effect on the rate of penetration. The rate is not meas- 
urably affected by “the narrowest channel which must be 
passed through”, or it would decrease with depth of penetra- 
tion. 





1. Research Mining and Met. Engr., Metallografiska, Stockholm, Sweden. 


Presiding: J. F. Wa.Lace, Case Institute of Technology, Cleve- 
land. 

V. Rowe.., Harry W. Dietert Co., Detroit. 

Secretary: R. A. Green, Eastern Clay Products Dept., Inter- 
national Minerals and Chemical Corp., Chicago. 

The Theoretical Concepts of the Packing of Small Particles, 
by J. B. Caine, Consultant, Cincinnati; and C. E. McQuiston, 
Advance Foundry Co., Ottawa, IIl. 

H. E. Wurre! (written discussion): Spherical particles of 
uniform size may compact into five configurations. 

They are as shown in Table A. 

The reference paper® goes into detail on the calculations for 
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TABLE A — 
THE FIVE CONFIGURATIONS OF COMPACTION 

Type of Packing % Voids 
1. Cubical Span aliga poh cigs io boiis vice 
2. Single Stagger (Cubical Tetrahedral ) sacesuae GOOD 
a. Daswile ‘Steiger ..........,.......0.500.:.. lat ca sakoecckekodeaioue 
4. Pyramidal desta, hinds itia teleamocts 25.95 
5. Tetrahedral . RPREr hen ere ur aE a 25.95 
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he superimposed layers and the ultimate possible attainable 
lensities for ideally shaped pieces, ideally arranged. 

It is of course conceivable that regardless of the type or 
ystem of packing used, assuming perfect spheres, and if it 
vere possible to arrange each sphere in its proper place, the 
same ultimate density of packing might be attained. 

The writer has tried such arrangements, but upon shaking 
he setting the volume actually increases as the spheres will not 
retain their perfect positions. 

However, regardless how arranged and using single-sized 
spheres, upon shaking they usually arrange themselves in the 
tetrahedral system, where each sphere rests in a valley and 
not directly on top of another sphere, as in the authors ortho- 
hombic packing Fig. lc. 

For this reason, this system was studied by the writer in de- 
tail some years ago. An observant individual will see this sys- 
tem many times in ordinary things, steel tubing on a truck, 
glass tubing in the laboratory, apples or cabbages in the super- 
market, racked balls in the pool room, all tend to arrange them- 
selves in the tetrahedral system, the upper layer nesting in the 
valleys of the lower layer. 

Actually the density of the tetrahedral system 74.05 per 
cent is not usually attained, and the densities are nearer to the 
authors 60.5 per cent, as the spheres are seldom true. However, 
visual examination shows the tetrahedral arrangement. 

It is theoretically possible to attain a packed density of 
96.1 per cent with a 6 component system. Furnas claims this 
density for a four component system. Experimentally, a den- 
sity of 89.3 per cent was attained. 

The reference article by Furnas contains some very practical 
points, but also some very impractical ones, as does the Wise 
article. 

Foundry sand must be graded from a practical basis and 
there is not much you can do with it, except mull and screen it. 

Furnas uses the U.S. standard screen scale varying the open- 
ings by ¥ 2. His Tables 2 and 3 are in agreement with this. 

The U.S. screen scale has as its base an opening of 0.0029 in., 
which is the opening in 200 mesh 0.0021 in. wire, the standard 
sieve as adopted by the Bureau of Standards of the U.S. gov- 
ernment, the opening increasing in the ratio of the square root 
of 2 or 1.414. 

The area of each successive opening in the scale is just dou- 
ble that of the next finer or half that of the next coarser sieve. 
The widths of the successive openings have a constant rate of 
1.414, while the areas of the successive openings have a con- 
stant ratio of 2. 

By skipping every other screen we have a ratio of width of 
2 to 1, by skipping two sizes we have a ratio of width of 3 to 
1 (approx.), and by skipping three sizes we have a ratio of 
width of 4 to 1. 

For close sizes the Tyler screen scale uses the ratio of the 
fourth root of 2 = 1.189. 

The use of fineness modules may be of value. The concrete 
industry uses this. It is the sum of cumulative percentages di- 


TABLE B— TETRAHEDRAL SYSTEM OF PACKING 








Volume Surface 
No. Sphere Each Each % 
Spheres Radius Sphere Sphere Voids 
3 
Bounding Vol. 5.656 Yl 
3 2 
3 V1 4.189 V1 12.566 V1 25.95 
3 
1-V¥2 0414 V1 0.298 V1 2.1537 V1 20.7 
3 2 
2—~V3 0.225 V1 0.0476 V1 0.6362 ¥1 19.0 
3 2 
8—~V4 0.177 V1 0.0225 Vi 03936 V1 158 
3 2 
8—V5 0.1155 V1 0.0066 V1 0.1690 V1 149 
3 2 
32-V¥6 0.0355 Y1 0.0002 V1 0.0157 V1 148 
3 2 


32-V7 0.0250 ¥1 0.00006 Y1 0.0079 Y1 14.76 
Filler 11.28 
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vided by 100. This can be split up for closer control, taking the 
fineness modules in steps. The study of the use, of fineness 
modules is suggested, for research on foundry sands 

Relative size, volume, surface and per cent solid of spheres 
packed, according to the tetrahedral system are as given in 
Table B. 

This is packing for maximum density. It is noted that this 
gives 11.28 per cent porosity. It is also noted that, as the sizes 
decrease the relative decrease in pore volume becomes almost 
insignificant. It can be assumed by projecting the calculations 
indefinitely that the porosity of the mass could be reduced to 
3.9 per cent or less. 

AutHors’ CLosurE: The writers must differ with Mr. White 
on a number of points. Although the densities quoted by Mr. 
White can be attained with aggregates, they have not been 
even approached in foundry sands. The writers believe Furnas’ 
data gives the answer. As shown in Fig. 2 of the paper, a much 
larger spread in particle size, in the order of over ten times 
that practical in foundry sands is needed. In the writers’ opin- 
ion this is one of the more important points covered by the 
review. 

The writers differ with Mr. White’s statement that not much 
can be done with foundry sands. There is the whole field of 
blending for controlled density. All papers of this symposium 
accent this point. Furnas’ data shows just one of many ways 
this can be done, by the precise addition of fines, particles 
with less than half the cross-sectional area of the larger particles. 
Wise gives another method of density control. At present it 
must be admitted that particle sizing of foundry sands is not 
precise enough to use the Wise distributions. 

It should be emphasized that although the papers of this 
symposium accent increased density, this is not the aim of this 
study. The aim is controlled density. 


N. C. Howe ts? (written discussion): It is with great interest 
that I have heard this talk given by these authors. They may 
be commended for the excellent spade work that they have 
conducted on this subject. Along this line, I have conducted an 
abbreviated research program at the University of Kentucky. 
The principal accomplishment was a hypothesis to explain the 
higher density and strength of the mix containing a blend of 
60 per cent Michigan City (lake) and 40 per cent Juniata (bank) 
sands. Some observations were made which substantiated the 
hypothesis. The pertinent points of this research are as follows: 

Because they represented the ultimate in simplicity and uni- 
formity glass spheres of limited size ranges were used in place 
of sand (following removal of sub-standard spheres they held 
up surprisingly well in a laboratory muller). Two fractions 
were tested. The coarser could pass through a 50 mesh screen 
and be retained on a 70 mesh screen. It has been called the 
minus 50 plus 70 fraction. The other fraction was the minus 
100 plus 140. There were no spheres representing the size 
range between the 70 and 100 mesh screens. 

The control mix consisted of the minus 50 plus 70 fraction 
bonded with bentonite and water. The blend mix contained 
both the fractions listed above in a 60-40 ratio, the coarser 
fraction predominating. These two mixes were mulled equal 
increments of time and tested for green strength and examined 
microscopically. By comparing the green strength of the blend 
mix to that of the control (coarse fraction only) it was believed 
that variables such as bond development could be estimated, 
and the strength developed by ordering could be found by 
subtraction. 

In the minus 50 plus 70 fraction extensive rhombohedral 
groupings were visible microscopically. Neither cubic or ortho- 
rhombic packing were visible in significant amounts (Fig. 1 of 
the paper by Mr. Caine and Mr. McQuiston gives the defini- 
tions). No visually obvious order of those three packings could 
be found in the blend. It is for this reason that this com- 
mentator has become chary in describing foundry sand order 
with these terms. The trend of green strength during mulling 
of the blend indicated some form of gradual ordering with 
time. 

After 5 min of mulling for each, the blend and the control 
had about the same strength. Mulling each for 15 min pro- 
duced a blend green strength about twice that of the control. 
Thus, the mulling tended to diffuse the two fractions of the 
blend into each other so that, following ramming, higher and 
higher strengths were the result. 
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The question may immediately arise: If this gradual increase 
in strength of the blend does not come as a result of gradual 
production of rhombohedral and other packings, from whence 
does it arise? To this, I am not presently prepared to venture 
my hypothesis. Reference to DallaValle * will show that em- 
pirically it has been found that when two sands are mixed 
together the greatest density will occur when the coarser 
fraction comprises about 60 per cent of the total weight. 

This peak in density is heightened by increasing the differ- 
ence between the AFS grain sizes of the two component 
sands and probably by using sands that are retained on fewer 
screens (It appears significant that the Michigan City sand of 
the commercial blend had a very narrow distribution curve). 

Autuors’ CLosure: Mr. Howells brings up a very interesting 
point. He has observed rhombehedral packing of spherical 
particles, but only under specific conditions. The other two 
theoretical packing configurations were not observed. It is not 
unexpected that cubic packing could not be distinguished in 
the two dimensional microscopic field. Rhombohedral packing 
would be unmistakable, for the particles would be seen, nested 
together. This can never be said for other contacting grains, 
for who knows if these non-nested contacting grains are not 
nested with other grains in the invisible third plane? 

Even though the theoretical orthorhombic configuration of 
60.45 per cent density is by far the most important, the writer 
sees no reason for believing that this density requires a definite 
geometric configuration. Could not this density be the result 
of a statistical average between cubic and rhombohedral pack- 
ings? As far as the packing of actual foundry sands are con- 
cerned, it would make very little difference if this density is due 
to geometry, or to chance. The important results of this packing, 
density, void size and grain contact area would be the same. 

M. Marxoric:3 I believe the shape of the voids is very im- 
portant. : 

C. E. McQuiston: I agree, but the work had not progressed 
to where the shapes and sizes of voids were studied. 

S. L. GertsMan:* You can increase the void size 20-40 per 
cent on well-rammed sand, and can increase it 100-200 per 
cent on poorly rammed sand. 





*J. M. DallaValle, Micromeritics, p. 111, Pitman (1943). 


1. Lava Crucible Refractories Co.,; Pittsburgh, Pa. 

2. Met. Div., U.S. Naval Research Laboratory, Washington, D.C. 
3. Continental Silica Co., Somonauk, IIl. 

4. Dept. of Mines and Technical Surveys, Ottawa, Ont., Canada. 


Density of Sand Grain Fractions of the AFS Sieve Analysis, 
by R. W. Herne, University of Wisconsin, Madison; and T. W. 
SEATON, American Silica Sand Co., Ottawa, II. 

H. E. Wurre! (written discussion): In studying this paper, 
it must be remembered that moist sand occupies a greater 
volume than dry sand, based on the actual weight of sand, less 
the water. The anomaly of this is that the water coats each 
grain of sand and separates it from the adjacent ones. Any 
garage mechanic knows this, as a dry bearing has a certain 
amount of play, but it tightens up when oil is applied, the 
heavier the oil the tighter the fit. Water being denser than air 
accounts for the increase in bulk of damp sand. 

Just to forestall misunderstanding, it must be remembered 
that these comparisons must be on a strictly exact basis. The 
bulk density of sand increases by the addition of water and 
subsequently decreases. Inasmuch as the authors “immersed” 
the sand in water, they were evidently on the lower side of 
the curve. However, most foundry sands are only moist. 

Fine sands have a greater surface area per unit volume than 
coarse sands, so similarly they occupy greater volume than the 
coarse sands. If solids have air (or water) films around them 
so that they do not come actually in contact but are held apart 
by the surrounding medium, the percentage of voids will in- 
crease with decreasing size of the solids. Carbon block for 
instance will have voids up to 95 per cent.* 

Electrical charges should also be considered. Charged par- 
ticles pack closer than uncharged particles.* 

The authors speak of “apparent density”. I believe they 
mean here “bulk density” which is the usual term used for 
the bulk unit weight of material. 

Curve 105-S Fig. 9, shows the evident effect of finer par- 
ticles filling the void spaces. 


*Journal of the American Ceramics Society 1937, (20), pp 155-156. 
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F. HormMann? (written discussion): The grain size and 
grain distribution in molding sands mainly affects their com- 
paction characteristics and their behavior during molding, but 
also influences their properties during actual casting. Detailed 
experiments on these influences have been carried out in our 
sand research laboratory, and some of the most important 
results are given below. They show that the compaction 
characteristics dealt with in Prof. Heine’s paper become much 
more pronounced in presence of a clay binder. 

EXPERIMENTAL PROCEDURE 

In order to determine the influence of the grain size and 
grain shape of sands on their behavior in compacted molding 
sand, three different natural silica sands were washed free of 
clay and split into a series of grain size fractions by sieving. 
The individual grain-size fractions thus obtained, which are 
shown in Table A, were mixed with 5 per cent bentonite to 
give test mixtures. The bentonite used had been homogenized. 
The mixtures each consisted of 2,500 g sand and 125 g ben- 
tonite, and were treated for 1 min dry and 5 min moist in a 
laboratory mixer. 

Three mixtures of varying moisture content were made with 
each grain size so that the temper moisture content could be 
determined exactly. This moisture content can only be deter- 
mined by testing by hand three test mixtures and comparing 
the varying moisture content. The difference in the amounts 
of water added is chosen so that the three mixtures have a 
moisture content differing by approximately % per cent, and 
the medium mixture is almost temper. With enough practice 
the correct condition, neither too wet nor too dry, can be 
obtained to within 1/10 per cent. The actual moisture content 
is that determined immediately before testing from the loss in 
weight during drying and not the amount of water added 
during mixing. 

The three test mixtures with varying moisture contents were 
sealed in airtight containers after mixing and stored overnight. 
They were then sifted through a 3 mm sieve and sealed again 
in the containers. The moisture content was then determined 
from a 50 g sample, and finally test specimens were produced 
on which to determine the green density, the green strength 
and the permeability. The sands were also tested by the 
shatter and flowability tests. 

The three mixtures of varying moisture content gave, for the 
individual properties on test, functional curves which stood 
in direct relationship to the moisture content. From these it 
was possible, after determination of the temper moisture con- 
tent at the end of each analysis, to determine the properties 
corresponding to this moisture content. These alone were then 
used for the evaluation of the experiments. 

Apart from the individual sieved grain-size fractions of 
natural silica sand, artificial mixtures were produced from 
sifted grain-size fractions of sands of the same average grain 
size but different grain-size distribution (sorting coefficient). 
In this way, it was not only possible to see the influence of the 
grain size, but also that of the grain size distribution. 

RESULT OF EXPERIMENT — INFLUENCE OF THE GRAIN SIZE 
Compactability 

Figure A shows the relationship between the compactability 
and the grain size in the three sands under test. The compact- 
ability is expressed by the green density obtained by three ram 
strokes. 

The fact stands out that the finer the sand is the lower is 
the compactability, and the coarser the sand is the greater is 
the compactability. This results from the fact that the specific 
surface increases as the grain size decreases. As a result the 
number of points of contact per unit of volume increases, and 
this in turn raises the resistance to compacting. 

The grain shape also plays an important part. The Ottawa 
silica sand with rounded grains gives much better compact- 
ability under the same conditions than the Swiss sand with 
angular grains. This is connected with the fact that the sand 
with rounded grains has the greatest degree of close-packing 
of particles and sand with angular grains the worst. 


Green Strength 

Figure B shows the green strengths found in relationship to 
the grain size. There is a certain tendency, though not pro- 
nounced, towards a maximum with a grain size which corre- 
sponds approximately to the medium grain size of the 
corresponding unclassified sands (natural grain size distribution). 
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TABLE A — GRAIN-SIZE FRACTIONS FOR SANDS TESTED 
Type of Sand Sign Grain Shape Fractions Investigated, mm 
Ottawa Silica Sand, U.S.A. O rounded 0.1 -0.15 0.15-—0.2 0.2 —03 03-0.4 0.4 — 0.6 
Belgian Silica Sand a subangular 0.1 -0.15 0.15—0.2 0.2 -—03 03-04 0.4 — 0.6 
Swiss Silica/Felspar Sand + angular 0.075 — 0.1 0.1 —0.15 0.15-—0.2 0.2-—0.3 
Comparison of metric sieve openings with U.S. series equivalent number: 

06 mm = US. Nr. 30 

04 mm = US. Nr. 40 

03 mm = US. Nr. 50 

02 mm = US. Nr. 70 

0.15 mm = US. Nr. 100 

0.1 mm = U.S. Nr. 140 

0.075 mm = US. Nr. 200 


The openings of the metric sieves are within the tolerances of the openings of the U.S. sieves. 





As the grain becomes finer, the film of bentonite becomes 
thinner although the percentage of bentonite remains the same. 
With very coarse grains, however, the number of grains and 
the number of points of contact per unit of volume decreases 
so sharply that the green strength is again reduced. 

The strength increases as the grains become more rounded; 
on the one hand the grade of compactability of sands with 
rounded grains (Fig. A) is higher, and on the other the contact 
surfaces between the individual grains are greater on rounded 
grains than on angular grains. 

Permeability 

Figure C shows the expected connection between grain size 
and permeability. It is interesting to note that here the differ- 
ence in the degree of compactability between sands with 
rounded and those with angular grains disappears to a large 
extent. The greater compactability of sands with rounded 
grains (lower porosity) is offset by the lower resistance offered 
to air flow as compared to sand with angular grains. 
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Fig. A — Relationship between compactability and grain size 
of the three sands tested. 


Shatter Test 

Figure D shows the influence of the grain size on the be- 
havior of the sand during the shatter test (dropping of a test 
specimen from a height of 6 ft onto an anvil, around which 
is a %-in. sieve. The percentage of material which does not 
fall through is designated the “shatter index”). Figure D shows 
that more energy is needed to destroy the structure of sand 
with rounded grains, once compacted. However, when the 
fractions are fine, the angular grains are obviously superior. 


Flowability 

All test mixtures were also tested for flowability in accord- 
ance with a test which allows very exact measurement of this 
property. Figure E shows the results obtained. It is interesting 
to note that the sand with rounded grains and that with 
angular grains give the same result whereas the subangular 
sand has in general a higher flowability. 

This somewhat surprising result can be easily explained. The 
points of contact between the individual grains in sand with 
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Fig. B — Green strengths vs. grain size. 
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Transaction: 


rounded grains are relatively large; in sand with angular grain 
they are small but the texture of the sand is very unwield): 
due to the sharp edges. In both cases, the resistance to a con 
pacting pressure is very high. However, the end result is nc 
the same. In sand with rounded grains the grain shape give 
denser compacting and therefore a greater green density tha: 
with angular sand. It should be remembered that the flow 
ability refers only to the volume of the amount of sand teste 
the necessary amount of sand for a test specimen of, f 
example, three ram strokes, can vary considerably (Fig. D 
The sand with rounded grains obviously has the best pre 
requisites for good flowability. 

EXPERIMENTAL RESULTS—INFLUENCE OF GRAIN SIZE 

DISTRIBUTION 
Influence of the grain size distribution 

The experiments with artificial sand mixtures of the sam: 
average grain size of 0.24 mm, but with varying grain size 
distribution (increasing sorting coefficient) gave the following 
results: 

Figure F, top, shows that the green density increases with a 
rising sorting coefficient as the degree of close-packing als: 
increases; the space between the larger grains is increasingly 
filled up by smaller grains. In this case, the sand with rounded 
grains also gives the highest compactability (Fig. A). As the 
sorting coefficient increases, the flowability falls (Fig. F, bot- 
tom) (increase in the number of points of contact, increase in 
the resistance to compacting). In this experiment, the sand with 
subangular grains showed better flowability than the sand with 
rounded grains (Fig. E). The strength increases simultaneously 
with the sorting coefficient (Fig. G, Top; more rapidly with 
rounded grains than with sub-angular). Contrary to the degree 
of close-packing, which increases as the sorting coefficient 
rises, the permeability falls (Fig. G, bottom). 

Fig. C — (Upper left) Expected connection between grain size 
and permeability. 

Fig. D — (Lower left) Influence of grain size on the behavior 
of sands during the shatter test. 

Fig. E — (Below) Flowability of sands tested. 
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Discussions 


COMBINED GRANULOMETRIC AND THERMIC EFFECTS DURING 
CASTING 


According to the experimental results shown in Fig. A, fine 
sands reach a lower degree of compaction than coarse sands 
under the same conditions. With a certain compacting energy, 
usually to be expected under normal working conditions (corre- 
sponding to approximately 3 rams), fine sands still have an 
additional compactability, ie. they can be compacted still 
further by pressure from outside. This can be of considerable 
practical importance in silica sand cores almost completely 
surrounded by metal. 

The silica sand expands by about 2 per cent during casting, 
and the solidifying metal contracts simultaneously. Due to the 
lower degree of compaction, fine sands can stand these two 
strong opposing effects to a certain degree but coarse sands 
cannot. The tendency to hot tears is therefore much greater 
with coarse sands. The influence of the additional compact- 
ability can be increased to a large extent by the use of suitable 
core binders with good disintegration properties. 

Avutuors’ CLosure: In reply to Mr. H. E. White, it must be 
recognized that this paper does not deal with motst sand, but 
either dried sand or sand immersed in water. The balance of 
Mr. White’s comments are taken as his observations on the 
data and paper as the same thoughts are expressed in the 
paper. 

We are indeed pleased to receive Dr. Hofmann’s commen- 
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1.0 1.2 1.4 1.6 1.8 2.0 
Sorting Coefficient 
Fig. F — top — Green density vs. rising sorting coefficient as 


the degree of close packing also increases; bottom — falling 
flowability as sorting coefficient increases. 
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tary. The data of Dr. Hofmann provides needed information 
on the influence of sand fineness and distribution on compact- 
ability of molding sands. We wish to express our thanks to 
Dr. Hofmann for this information. 


1. Lava Crucible Refractories Co., Pittsburgh, Pa. 


2. Head, Sand Research Laboratory, George Fischer, Ltd., Schaffhausen, 
Switzerland. 


Presiding: R. L. Gottmar, Elyria Foundry Div., Chromalloy 
Corp., Elyria, Ohio. 

Secretary: C. J. Swencx1, Superior Foundry, Inc., Cleveland. 

Investigations on the Effect of Heat on the Bonding Proper- 
ties of Various Bentonites, by Franz HorMann, George Fisch- 
er, Ltd., Schaffhausen, Switzerland. 

R. W. Herne:! What percentage of sodium carbonate was 
used in these tests? 

F. HormMann: A 3 per cent dehydrated sodium carbonate 
was used. 

MemMser: Was this 3 per cent of clay or 3 per cent of mix- 
ture? 

F. HorMann: 3 per cent of clay. 

V. Rowe..:2 How do you test the sand for moisture content? 

F. HorMann: The sand is tested by feel. 

R. W. Herne: The moisture content you use is too high for 
American foundries. 0.1 per cent of moisture is sensitive and 
additives can be detrimental to the feel test. 
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Fig. G -- top — Strength increases with the coefficient; bottom 
— permeability falls as the sorting coefficient rises. 
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F. HorMann: I agree. 

Mr. Norton:? When is clay most effective, and how? 

F. Hormann: Clay must be added after the sand is used. 
The clay burns out in use, and the burned out clay should not 
be removed. 

J. Henry:* Is too much moisture harmful to temper sand? 

F. Hormann: Yes. The temperature should be lowered. 

R. H. Ormstep:5 Why isn’t pH important to foundry sands? 

F. HorMann: They cannot understand pH, and cannot see 
any importance to it. 


. Assoc. Prof., University of Wisconsin, Madison. 
. Harry W. Dietert Co., Detroit. 

. John Deere and Co. 

. Missouri Steel Castings Co. 

. Whitehead Bros., New York. 


The Problem of Hot Molding Sands, by R. W. Herne, Uni- 
versity of Wisconsin, Madison; E. H. Kine and J. S. Scnu- 
MACHER, Hill & Griffith Co., Cincinnati. 

S. Konprat:! When in the cycle would you make additives 
to bring the temperature down? 

R. W. Herne: No study has been made of this subject. 

Mr. FEerRGERSON:? What cycle in mulling is practical for pro- 
duction for cooling sand? 

R. W. Herne: Not above 120 F. The results are effective at 
160 F, but it is best to keep the temperature at 120 F. 

Memser: Can it be assumed that the temperature 120 F 
can be treated as room temperature? 

R. W. Herne: Yes, as far as mulling is concerned. However, 
when molding is considered, the answer is no. 

Mr. Norton:® The observed moisture content would vary 
due to temperature of the sand. Aerating the sand twice de- 
creases mulling time. 

V. Rowe ..:* Hot sand and dry sand are the same things. 

F. Batxiarp:5 In changing from natural sand to synthetic 
sand is a cushioning agent needed? 

R. W. Herne: Sea coal or wood flour can be added. 

V. Rumninc:® Why does the permeability in sand increase 
14-18 in the tests? 

R. W. Here: The sand not fully mulled will benefit in stor- 
age. 

. J. H. Mathews Co. 
. Chrysler Corp. 

ohr Deere and Co. 

. Harry W. Dietert Co., Detroit. 
. Danville Foundry. 
. Columbia Pump Co. 


Presiding: D. Ciarx, Forest City Foundries Co., Cleveland. 

W. R. Moccrince, Ford Motor Co. of Canada, Ltd., Wind- 

sor, Ont. 
Secretary: A. J. Duszo, Sterling Foundry Co., Wellington, 
Ohio. 

Hot Deformation of Molding Sand, by H. W. Dierert, Harry 
W. Dietert Co., Detroit; and T. E. Bartow, Eastern Clay 
Products Dept., International Minerals & Chemicals Corp., 
Chicago. 

A. E. Murton! (written discussion): The authors propose 
the use of hot deformation values to determine the tendency 
of a sand to form expansion defects on castings. The hot tough- 
ness is said to be related to sand erosion. The data submitted 
in the paper appears to substantiate these relationships for new 
sand mixtures. However, the proposed tests do not appear to 
be useful in determining when a sand has been in use too long. 


USED 9 TIMES 


USED ONCE 


HOT COMPRESSIVE STRENGTH — P.S.!. 


DEFORMATION — IN./IN. 
Fig. A — Hot Deformation of Two Sands at 1,800 F. 
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A steel sand was subjected to repeated use, with enough 
bond added after each use to maintain the green properties. 
The sand made good castings until it was used 6 times. On and 
after using it 7 times it had an increasing tendency to form 
scabs and to erode. 

Figure A shows the stress-strain curves at 1800 F for sand 
used once, and after 9 uses. The data for these curves were 
recorded by a Robot camera. From the curves it would appear 
that the used sand should be slightly bettcr in resistance to ex- 
pansion defects and to erosion than the new sand. However, 
it was much worse in both respects than the new sand. 

Two tests were proposed by AFS Committees 8-J and 8-L 
to determine the tendency of a sand to form scabs. These were 
the restraining load test and the shock expansion test. It is of 
interest to know if these proposed tests are able to discriminate 
between the two sands. 

Under the restraining load test both sands failed after about 
1 min. They failed in such a way that the sand relaxed just 
enough to maintain a constant pressure of 10-36 psi on the 
specimen. It was concluded that this test was not suitable for 
these sands. 

In shock expansion under a 1 psi load the sand used once 
expanded 0.004 in. per in., as opposed to 0.0058 in. per in. for 
the sand after 9 uses. From this is appears that the shock ex- 
pansion test does discriminate between the two sands. 

Autuors’ CLosurE: The intent of our paper dealing with 
the hot deformation of molding sand was not to suggest 
hot deformation tests as a control test to determine when 
a sand would cause scabs, rattails or buckles. The intent 
was to present data that would prove heloful in determining 
why a silica-base sand requires a certain degree of hot defor- 
mation to accommodate the expansion of the sand. 

Any of the hot deformation tests suggested in the paper 
measure only the hot plasticity and do not take into account 
the amount of expansion that must be taken care of. 

Thus, such hot deformation tests as discussed are not a com- 
plete measure of mold fracture losses as you have pointed out. 
However, if you would evaluate the hot deformation rate with 
the expansion rate, we believe you would have data that would 
separate the good sand from the bad since the hot deformation 
rate is approximately the. same for both of the sands you cited. 
The sand with the highest expansion rate would be the scab- 
bing sand. 

Basically, we should know what part hot deformation plays 
in mold fracture losses. If we have this knowledge then we 
know that one can change the hot deformation by the methods 
suggested in our paper to cause sand to work free of mold- 
wall fracture losses for a given hot expansion rate. 

G. L. Morrow? (written discussion): The paper states that 
a blend of Southern and Western bentonite with the ratio of 
Southern higher than Western gives a hot deformation rate that 
is good, and that a ratio of three parts Southern to one part 
Western at 2,000 F gives a very good hot deformation rate. At 
our foundry we have been using such a sand for a number of 
years. We have been very successful using this sand for alu- 
minum, bronze, small steel, small stainless steel, and monel. 
One thing has become apparent through the years and that is 
that the sand must be mulled for a sufficient length of time. 
We consider that 20 min. gives us the best results, any less 
time producing a brittle sand that feels dry. 

In Table A is the mix we use, it may be of interest: 


TABLE A—SAND MIX USED 





Sand % of Base 


AFS No. 115 washed silica sand 100 
Western bentonite 1 
Southern bentonite 3 
Light cereal binder 0.6 
Moisture 3.3 - 3.5 
Mulled 1 min. dry and 20 min. wet. 








AuTtHors’ CLosure: It is very interesting to know that Nor- 
folk Naval Shipyard foundry has been using a blend of 1 
per cent Western bentonite and 3 per cent Southern bentonite 
and have found it very satisfactory as predicted in our paper. 

One cannot over-stress the necessity of ample mulling of this 
sand. 
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E. Kinc:® This work was done at high temperatures, have 
you done any work at a high hardness range of the samples? 

HK. W. Drerert: No, we have not. The committees have been 
working at the same hardnesses as plants use. We used AFS 
standards. If you use this paper as a guide in the plant, use 
the hardnesses that occur in the plant. 

Mr. GLAssENBERG:* What was the rate of loading in this 
investigation? 

H. W. Drerert: We must consider the rate of loading in 
our results. We used AFS standards of 1 in. per min. rate of 
rise of the table. This deserves much more study and Commit- 
tee 8-J or 8-L should give us a standard ruling on this ques- 
tion. We can use any method to evaluate materials. 

Mr. GLAssENBERG: Did the committee of 1900 use this rate? 

H. W. Dietert: No, they did not. I do not know what the 
rate was. 

C. C. Fye:5 Did you make these tests above 2,000 F? If so, 
what were the results? 

H. W. Dretert: We did, on a bentonite fire-clay mix, but 
there was not much difference. However, some mixes do not 
have strength above 2,000 F. 

1. Dept. of Mines and Technical Surveys, Ottawa. Ont.. Canada. 
2. Metallurgist, Norfolk Naval Shipyards, Portsmouth, Va. 

3. Hill and Griffith Co. 

4. General Research Foundation. 

5. Johr. Deere and Co. 

Correlation of Green Strength, Dry Strength, and Mold 
Hardness of Molding Sands, by R. W. Herne, University of 
Wisconsin, Madison; E. H. Kine and J. S. ScoumMacuenr, Hill 
& Griffith Co., Cincinnati. 

H. W. Dretert:! Do you feel that the AFS standard ram is 
necessary to be used in evaluating sands? 

R. W. Herne: I do not feel that a change in standard is 
necessary. We should make our molds as good as our standard 
specimen. 

H. W. Dretert: You use a 2 lb weight, which requires a 
large number of counts; would we be able to use a 3 or 4 Ib 
weight with fewer rams? 

R. W. Herne: In studying the effect of rammer weight, in 
previous work with 2, 4, and 6 lb weights, the 2 lb weight 
correlates best with the molding machine which we have, and 
we get the same hardness at the mold parting. 

M. H. Norton:? In interpreting three ram graphs would not 
a study of these graphs show the same results as two rams just 
by shifting the graphs? 

R. W. Herne: Yes. Now that we have the data it is projec- 
tible. But three rams are not as sensitive as two rams. 

Mr. Lownte:3 Shouldn’t we be discussing dry compressive 
strength vs. dry mold hardness instead of green hardness tests? 

R. W. Herne: Simple relationships can be based on density. 
All properties depend on density. As soon as mass gets to 94 
per cent of density there is no variation in properties. 94 per 
cent of density is reached at 92 mold hardness and 8 per cent 
bentonite. 

P. ALmer:* How do you figure out the best sand to use with 
all data given by previous work? 

R. W. Herne: I do not know enough about hot properties at 
room temperature to answer your question. It is a function of 
AFS in its educational plan to have provisions for people to as- 
semble useful information for its members, and then teach it. 


1. Harry W. Dietert Co., Detroit. 
2. John CU ere and Co. 
3. Battelle Memorial Institute. 
4. Link-Belt Co. 
Presiding: E. L. BucumMan, Ford Motor Co., Cleveland. 

O. J. Myers, Reichhold Chemicals, Inc., White Plains, N. Y. 
Secretary: K. G. Presser, Forest City Foundries, Cleveland. 

Evaluation of Shell Molding Process Capability, by W. C. 
TRUCKENMILLER, C. R. Baker, and G. H. Bascom, Albion Mal- 
leable Iron Co., Albion, Mich. 

D. C. Exey:! First, permit me to congratulate the authors on 
a good piece of work in an area where more information is 
needed. It is hoped that my remarks will not be interpreted to 
distract from the quality of the work, but rather to compliment 
it. 

It is felt that the title would have been more informative if 
“dimensional capability” had been used. 

A point of inquiry is raised concerning the statistics where 
the authors calculate g@ for samples of 25, and do not indicate 
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n 

the use of Bessel’s correction factor (Wa ) to eliminate small 
n- 

sample bias. é 

A second point involves the histograms in Fig. 4 which are 
not normal, one being more nearly a uniform distribution, and 
the other bimodal. The assumption of normality, with so large 
a sample size, in these two cases can be quite misleading in 
the establishment of confidence intervals for individual values. 

1 
“Tchebycheff’s Inequality” of the form 1 — (——) would give 
t2 
more realistic parameters. 

A discussion of the results would have been helpful to the 
practical foundryman who might reach some invalid conclu- 
sions in interpreting the data. It must be pointed out that the 
dimensional accuracy represents only the “constant cause sys- 
tem” under study. 

As the size of casting, alloy, type of resin, manner of pasting 
shell halves, hot distortion of the shell(s), accuracy of location 
pins, clamping medium, etc. change from plant to plant, so 
will the dimensional characteristics be expected to change. 

Autuors C.iosurE: The authors wish to thank Professor 
Ekey for his valuable questions, comments and constructive 
criticism. 

The bimodal nature of one of the histograms of Fig. 4 was 
due to a combination of method of measurement and slight 
mismatch of the core box. 

Professor Ekey’s point concerning warning readers against 
reaching invalid conclusions by direct adaptation of the infor- 
mation presented is well taken. It was, however, the intent 
of the authors to present a successful method of solution for 
dimensional contro] in our operation which others might fol- 
low rather than to provide a specific answer to someone’s else 
problems. 


1. Prof., Georgia Institute of Technology, Atlanta. 


Light Metals Division 
Presiding: R. A. FLInN, University of Michigan, Ann Arbor. 
W. A. Maver, Oberdorfer Foundries Inc., Syracuse, N. Y. 
Secretary: S. Lirson, Frankford Arsenal, Philadelphia 


Effect of Impurities on the Resistance of Magnesium Casting 
alloys AZ92 and AZ63 to Corrosion, by B. J. Nexson, Alu- 
minum Co. of America research laboratories, New Kensington, 
Pa. 

H. A. Rosinson! (written discussion): The title of this paper 
is distinctly misleading to those expecting to find therein any 
new information on the influence of impurities on the corro- 
sion resistance of magnesium alloys. The author has largely 
confined his attentions to the influence of nickel as an impurity. 
Nevertheless, the paper serves some purpose in reiterating to 
us once again the highly deleterious effects of nickel, a fact 
shown by Portevin and Pretet nearly 30 years ago and by the 
now classical work of Hanawalt, Nelson, and Peloubet pub- 
lished 17 years ago. Unlike Portevin and Pretet the latter au- 
thors showed clearly that the salt-water corrosion-activating 
influences of nickel in magnesium alloys extend down to traces 
of this element. 

The author makes no attempt to explain why his work was 
undertaken or how the results can apply constructively to cur- 
rent magnesium foundry problems, specifications or practices. 

The not unexpected fact brought out in this paper that 
nickel causes but little corrosion activation in industrial atmos- 
pheres is entirely overshadowed by the fact that four out of 
the five test environments used by the author were salt water 
or marine, thus unduly emphasizing environments calculated 
to place magnesium at a disadvantage. It is difficult if not im- 
possible to justify the present wide-spread practice of salt 
spray testing irrespective of its pertinence to the eventual serv- 
ice environment. 

A final comment is that the author’s description of the chrome 
pickle treatment implies that it has utility as a protective proc- 
ess in its own right; this is misleading since the main utility of 
this treatment is to provide a paint base. 

AutHors’ C.LosurE: The paper was written to publish 
corrosion data of relatively long duration upon these cast- 
ing alloys. Since preliminary data indicate that the extra 
amounts of copper and silicon present in the AZ92 and AZ63, 





600 


as compared with AZ92A and AZ63A, had little effect upon the 
resistance to corrosion, the attention was focused upon the ef- 
fects of variations in nickel which would be expected in the 
secondary alloys. 

No apology is given for the types of tests made. The author 
inherited the problem and reported the results of tests which 
were in vogue at the time these long time tests were first 
started. We believe that the chrome pickle treatment does 
change the characteristics under which the corrosion attack be- 
gins, in that chrome pickled items show more localized corro- 
sion than do items cleaned in an acid bath. 


1. Met. Laboratory, The Dow Chemical Co., Midland, Mich. 


Some Requirements for Successful Fluidity Testing, by S. A. 
Prussin, Pacific Semiconductors, Inc., Culver City, Calif.; and 
G. R. Frrrerer, University of Pittsburgh, Pittsburgh, Pa. 

J. E. Nuesse, M. C. Fiemincs and H. F. Taytor! (written 
discussion): We commend the authors for their work on two 
valuable aspects for the study of fluidity—the “reservoir” fea- 
ture of the fluidimeter and the use of motion pictures to study 
flow velocities by a unique method in metallic molds. 

The device developed by the authors of the paper under dis- 
cussion is an accurate means for measuring fluidity, but for a 
shop control tool in steel foundries the simple fluidity test de- 
veloped at the Naval Research Laboratory“ is fully accurate 
and reproducible enough for assessing the fluidity (or tem- 
perature) of molten steel at the arc furnace, and the Saeger- 
Krynitzky" test is suitable for cast irons. 

Work at the U.S. Naval Research Laboratory over the last 
20 yearsA.©,D,E,F,G has added materially to our knowledge of 
fluid flow and fluidity of molten metals, and should be refer- 
enced; in particular that worksF.¢ which employed the plug- 
type reservoir regulator used by the authors. There is also an 
excellent paper describing work done at the American Brake 
Shoe Co., wherein the. investigators used a thermocouple at the 
flow channel entrance to measure metal temperature. Clark! 
and KrynitzkyK have each published important review articles 
on the subject of fluidity. 

In a current research project in the M.I.T. Foundry Labora- 
tory on fluidity of aluminum alloys (supported by Pitman-Dunn 
Laboratory, Frankford Arsenal), we have found that the accu- 
racy and reproducibility of spiral tests for research purposes 
may be improved by use of a technique similar in principle to 
the reservoir of the authors. In our case we have used a tapered 
sprue, a large drag reservoir, and a vertical gate leading into a 
more or less standard green sand mold fluidity spiral. A metal 
screen has been added to remove any entrapped dross from the 
non-ferrous alloy. Results to date! substantiate the desirability 
of adding a reservoir to the gating system in the case of flu- 
idity tests for aluminum alloys. 

Spiral-type tests are appealing for research and production 
use because they relate closely to casting conditions. It should 
be noted, however, that closer temperature control of the metal 
actually entering the fluidity channel and closer control of 
certain other fluidity variables can be obtained in the vacuum 
fluidity tester.“ We have found this tester an excellent research 
tool, particularly when employed with tubular glass fluidity 
channels; the transparent tube permits examination of flow vs. 
time with motion picture photography, which is an excellent 
feature of the authors’ technique. In cases where the results of 
the vacuum fluidity tester can be shown to relate actual cast- 
ing conditions it should prove a useful and convenient tool for 
production control as well as for research purposes. 

Our experimental and theoretical work to date has not 
substantiated the existence of a tip layer formation mechanism 
for flow cessation in the case of pure metals. An earlier study, 
in fact, indicated that for pure metals with no superheat, flow 
cessation should occur by solidification at the flow channel 
entrance.M The reasoning was as follows: when the tip of the 
stream contacts the mold wall, the metal begins to freeze but 
freezing takes place at a finite rate due to 1) release of heat of 
fusion at the liquid-solid interface, and 2) heat flow resistances 
in the solid metal, at the mold wall, and in the mold itself. 
During the time interval for a solid ring to form, the liquid 
core of the tip has moved downstream to begin freezing again. 

At any time the cross-section which contains most solid metal 
is the cross-section which has been in contact with the mold 
the longest. This cross-section is the area farthest from the tip 
(nearest the gate). If superheated: metal is poured, this cross- 
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section will lie between the gate and the tip such that super- 
heated metal is between the gate and this cross-section and 
only liquid metal at the melting point is between this cross- 
section and the tip. It does appear that in the case of alloy 
solidification, quite different mechanisms may be important but 
much remain to be learned in this area. 

In conclusion, the authors have added very worthwhile in- 
formation on a pertinent topic. Work in this field and along 
these lines will enable foundrymen to do a better and more 
consistent job in supplying the increasing needs of industry 
for more intricate castings of thinner section thickness. 
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AutHors’ CLosureE: As the experimental work described in 
this paper was completed over eight years ago, the authors ap- 
preciate the listing by Messers. Niesse, Flemings and Taylor 
of references to similar more recent work. Their description of 
still additional designs of fluidity testers strengthens the belief 
of the authors that available designs fail to satisfy the criterion 
of flow under controlled conditions. Each investigator seems 
to find it necessary to change an available design to obtain 
greater reproducibility. 

With regard to the mechanism postulated by Messers. Niesse, 
Flemings, and Taylor for flow cessation, the hypothesis that 
all liquid metal passing the cross-section of initial solidification 
is at the freezing temperature leaves much to be desired. The 
split-second turbulent injection of molten metal into the flow 
channel is not likely to be described by so simple an approxi- 
mation. As described in the paper, the mechanism of flow ces- 
sation can be determined empirically by examining the cross- 
section of the front end of the fluidity casting. If this part of 
the casing is sound, as is found for steel, the fluidity stream 
must freeze by a mechanism of tip-layer formation. The pres- 
ence of shrinkage cavities precludes this mechanism, and per- 
mits one of intrastream growth. 


a Massoctanetts Intsitute of Technology, Cambridge. 
PP. 


Presiding: W. E. Sica, Aluminum Co. of America, Cleveland. 

D. J. Henry, General Motors Research, Detroit. 

Secretary: C. T. Marek, Purdue University, Lafayette, Ind. 

New Aluminum-Magnesium-Zinc Casting Alloy, by H. C. 
RuTEMILLER, Aluminum Co. of America, Cleveland. 

S. Gotpspre! (written discussion): I have read your paper 
on a new aluminum-magnesium-zinc casting alloy with interest 
since it is a valuable contribution in an effort to develop an 
alloy which has the advantages of the 220 type, while taking 
into account some of the limitations of the latter. 

The data presented by you, which show that the new alloy 
has better resistance to stress corrosion cracking and greater 
stability of tensile properties with natural aging, should prove 
encouraging to designers who now turn to the 220 type. An- 
other disadvantage of the 220 alloy is of course the fact that 
it is not considered suitable for welding. I am sure that this 
limitation is known to you and wonder whether in your current 
studies you contemplate determination of weldability. Any 
data which you may have available in this regard would be of 
interest to me. 

I believe that the inclusion of a lot of valuable data about 
the new alloy in the relatively short article is highly com- 
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mendable. Personally, however, I would appreciate some more 
detailed information on casting practices, which I am sure you 
have studied, so that we may benefit from your experiences in 
trials of this alloy on actual castings for comparison to the 
220 counterpart. 

AutHors’ CLosurE: We have made no specific tests on 
the weldability of X250 alloy. However, we are certain 
that the new alloy will be similar to 220 in welding char- 
acteristics. This means that formation of porosity and oxide 
in the weld zone will be a problem, and that the production of 
a relatively low strength as-cast structure at the weld would 
necessitate a solution heat treatment after welding. Therefore, 
we would not consider X250 to be one of the better casting al- 
loys for welded structures. 

With regard to casting practices, we have used the technique 
developed for 220 alloy with good results. These are described 
in detail in the “Foundry Manual for Sand Casting Aluminum- 
10% Magnesium Alloy,” published for Frankfort Arsenal by 
Battelle Memorial Institute, July 31, 1954. 

The most important practices, as mentioned in my paper, 
are thorough fluxing and the use of extensive chilling and 
feeding. 

D. L. Cotwex:2 Addition of a few per cent of zinc gener- 
ally helps in alloys of this type. 

Memser: Is there any work on resistance to hot tearing of 
this metal? 

H. C. Ruremitier: No tests have been made, but this is not 
a problem in sand casting with this alloy. 

W. Bonsacx:? Was there work done on higher magnesium 
content? 

H. C. RuTeMILLER: These were studied, but proposed limits 
were found best from the stress — corrosion standpoint. 


1. Head, Castings Development and Foundry Control Section, N. Y. 
Naval Shipyard, Brooklyn. 

2. Vice-President, Ajax Smelting Co., Cleveland. 

3. Chief Met., Aluminum and Magnesium, Inc., Sandusky, Ohio. 


High Strength Aluminum Alloy X357, Properties and Aging 
Practices, by A. B. DeRoss, Kaiser Aluminum & Chemical Sales, 
Inc., Chicago. 

S. Lrpson:! Did you use any modification with sodium? 

A. B. DeRoss: No, we did not. 

Memser: What is the time element between solution heat 
treatment and age hardening treatment? 

A. B. DeRoss: Time element does not seem to be significant. 

W. Bensacx: Has any investigation been made of. magne- 
sium over 0.6 per cent? 

A. B. DeRoss:It is advisable to stay below that figure. 


1. Pitman and Dunn Laboratory, Frankford Arsenal, Philadelphia. 


Tensile Properties of Microshrinkage — Graded AZ-63 Mag- 
nesium Alloy, by J. D. Grimstey and I. J. Femserc, U. S. 
Naval Ordnance Laboratory, White Oak, Silver Spring, Md. 

R. S. Busk! (written discussion): I was pleased to see this 
publication since it coincides closely to work in which I was 
active some years ago, some of which was published by the 
A.S.T.M. in 1943°. In that paper I described a technique for 
quantitatively measuring the porosity shown by radiography 
and gave a correlation between porosity and mechanical prop- 
erties. Unfortunately, that paper did not report results for 
AZ63A alloy in the T6 temper and therefore the authors were 
unable to compare their results with mine. Shortly after pub- 
lishing, howeyer, I did investigate AZ63A-T6 and I have com- 
pared my unpublished results with those in this paper. 

The agreement is striking. I expressed my results in terms of 

] 
a contrast index (——) ranging in value from 200-400. In the 
V 
1 
1943 paper I pointed out that a —— value of 200 represented 


Vv 
porosity just visible on the radiograph, that rarely do commer- 
cial castings exceed a value of 280, and that almost never is 
any area found with a contrast index greater than 300. The 


* “A Correlation of the Mechanical Properties and the Radio- 
graphic Appearance of Mg Alloy Castings,” R. S. Busk, Sym- 
posium in Radiography, A.S.T.M. (1943). 
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TABLE A— TENSILE STRENGTHS COMPARISON 





Degree Reading 








l 
relation between —— and tensile strength for AZ63A-T6 is 


linear as is the relation between tensile strength and the authors’ 
degrees of microshrinkage (Fig. 5). 

The authors’ show a T.S. equal to 34,297 psi for a degree 
reading of zero. Presumably this represents a tensile strength 
for an amount of porosity not detectable by radiography. I 

1 
found that a —— rating of 200 corresponded to a tensile 


V 
1 


strength of 34,000 psi. Since -— = 200 should be equivalent to 


degree reading = 0, the agreement found is little short of re- 
markable. 
1 

Since —— vs. T.S. is linear and since degree reading vs. T.S. 


Vv 
is linear, then —— vs. degree reading must be linear. The rela- 


Vv 
tion can be found by comparing the tensile strengths found by 
both techniques and results in the information in Table A. 

This relation enables my results as published in 1943 to be 
directly compared with results of this paper. 

I would like to comment on the alignment effect of porosity. 
I pointed out in the 1943 paper that two aspects of porosity 
as revealed by radiography must be considered. The contrast 
on the film is an indication of the depth extent of the por- 
osity and the area covered by the porosity indication is a meas- 
ure of the width extent of the porosity. Both must be considered 
and in the paper I gave a quantitative description of the inter- 
action between the area covered, the radiographic contrast, 
and the strength. 

I believe this is = ore useful than simply considering the 
alignment. That it i: can be most easily appreciated by visual- 
izing what the radiograph of a bar with longitudinally aligned 
porosity will look like if the radiograph is taken at right angles 
to the thickness direction. In most cases the porosity will no 
longer appear to be aligned, the strength would be predicted 
by a different law, and yet it is of course the same metal. 

Again, let me say that I enjoyed reading this excellent paper. 

AutHors’ CLosure: It was gratifying to find that the re- 
sults of our investigation were in agreement with those of 
Mr. Busk in finding a linear regression in ultimate tensile 
strength with increase in microshrinkage degree in mag- 
nesium alloy AZ63-T6. This relationship and a similarity in 
ultimate tensile strength properties substantiate correlation of 
radiographic appearance and ultimate tensile strength for the 
alloy sinee two different radiographic classification techniques 
were employed. 

Perhaps further explanation on our part of what is meant by 
alignment is necessary. It involves the area concerned with 
in classification. In a radiograph containing feathery micro- 
shrinkage the defect appears as elongated discontinuous streaks 
roughly paralleling each other. When we speak of longitudinal- 
ly aligned- microshrinkage we have in mind stress application 
in a direction parallel to the elongated axis of these streaks. 
In transversely aligned microshrinkage stress is applied at 
right angles to this orientation. 

In radiographic classification of the test panels 1 sq in. areas, 
the sites for specimen fracture, were radiographically graded 
and specimen layout and manufacture related to these sites. 
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In our method of classification degree interpretation was 
wholly dependent on judgment of the interpreters who con- 
sidered the entire area covered by panel radiographs, the size 
(length and width) of the defect indication in the 1 sq in. 
area and contrast on the film in their grade assignments. 

The depth extent of the discontinuity was taken care of 
in grading through observation of the contrast on the film. 
The width and length of the defect in individual specimens 
depended on the degree of microshrinkage with respect to the 
long axis of test specimens. 

It can be explained that the greater damage from micro- 
shrinkage in transverse alignment is due to the existence of 
effectively smaller cross-sectional areas of sound metal to resist 
the stress applied. A notch effect due to transverse align- 
ment is a contributing factor. 

Mempser: Are the properties near the riser different from 
these at distances further away from the riser? 

Autnors’ Repiy: Microshrinkage was usually adjacent to 
the riser and produced lower properties. 

G. Merer:2 What was the size of the test bar? 

Autuors’ Repry: 6-in. long x %-in. x %-in. in reduced sec- 
tions. 

R. C. Boeum:® Has work been done on other alloys? 

Autuors’ Repty: We worked on aluminum alloys No. 356 
and 195, but only this alloy with magnesium. There is a pro- 
gram to continue this type of investigation. 

1. Met. Laboratory, The Dow Chemical Co., Midland, Mich. 

2. Dept. of Mines and Technical Surveys, Ottawa, t., Canada. 
3. Chief Met., Willman Bronze and Aluminum Co., Cleveland. 
Presiding: D. C. Mutts, General Motors Research, Detroit. 

F. L. Burkert, The Dow Chemical Co., Midland, Mich. 
Secretary: R. F. Daron, Howard Foundry Co., Chicago. 

On the Release of Hydrogen from Molten Aluminum, by 
A. Pat, Annapurna Metal Works, Calcutta, India; and H. M. 
Davis, Pennsylvania State University, University Park. 

D. CotweE..:! Is the corumdum added to the briquetts det- 
rimental to the melt? 

H. M. Davis: I used a dense fused product and this Als03 
is not the same as the Alo03 normally formed on the surface 
of the molten aluminum. 

D. Coiwe.t_: The Al203 fused by heat or high temperatures 
is more objectionable than the soft Als03. 

H. M. Davis: We assumed that the AlsQ, settled out and 
found this to be true; to what extent we do not know. 

Memser: Did you etch the specimens? We do not etch to 
show porosity; only a fine machining operation is used. 

H. M. Davis: Yes, we etched with sodium hydroxide solu- 
tion. 

MeMBER: Some corundum might be carried into the bath 
and the higher density might be due to the corundum inclu- 
sion. 

H. M. Davis: Yes, this might be true. 

G. L. Armstronc: How long was the melt held after de- 
gassing? 

H. M. Davis: 90 sec. The ratio of degassing material to the 
actual metal weight was high, but need not be that high for 
industrial applications. 


1. Vice-President, Ajax Smelting Co., Cleveland. 
2. Asst. Dir., Met., U.S. Reduction Co., East Chicago, Ind. 
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Presiding: M. C. Fiemincs, Massachusetts Institute of Tech- 
nology, Cambridge. 

S. Lirson: Frankford Arsenal, Philadelphia. 
Secretary: N. Sueptak, The Dow Chemical Co., Midland, Mich. 

Effect of Pressure During Solidification on Microporosity in 
Aluminum Alloys, S. Z. Uram, M. C. FLemincs and H. F. 
TayLor, Massachusetts Institute of Technology, Cambridge. 

S. Lipson! (written discussion): The authors have investi- 
gated the effect of greater-than-atmospheric solidification pres- 
sure on the characteristics of aluminum alloy sand castings. 
While they have found at best only a slight improvement in 
the ultimate strength of the pressure castings, the reduction in 
void volume as shown in the micror~diographs indicates to the 
writer that potential benefits exist fur this process. The micro- 
porosity detected in the castings which were solidified under 
a single atmosphere of pressure results either from precipitation 
of gas or from unfed solidification shrinkage. Where gas is the 
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source of the unsoundness, higher solidification pressure wouk 
reduce the size of the voids in proportion to the magnitude o! 
the pressure. 

In the case of shrinkage porosity, however, increased pressur< 
prolongs the time that liquid metal can be forced through the 
interdendritic channels to satisfy feed metal requirements. Th« 
essential difference between these two mechanisms is that in 
the former, high solidification pressures offer the possibility of 
complete elimination of shrinkage porosity. This accomplish- 
ment may produce effects of the same order of magnitude as 
have been observed through massive chilling of aluminum 
castings. One of the effects of chilling is to produce steeper 
thermal gradients which, in a like manner, can eliminate shrink- 
age porosity. 

In consideration of the foregoing, it is the opinion of the 
writer that this study should be continued to isolate, if possible, 
the effect of solidification pressure on shrinkage porosity and 
to evaluate the process under conditions where this porosity 
can be completely eliminated. 


1. Pitman and Dunn Laboratory, Frankford Arsenal, Philadelphia. 


Fundamental Studies on Effects of Solution Treatment, Iron 
Content, and Chilling of Sand Cast Aluminum-Copper Alloy by 
E. M. Passmore, M. C. FLemincs and H. F. Tayor. 

Autuors’ CLosurE: Thanks to Mr. W. E. Sicha, Alcoa Re- 
search Laboratories, Cleveland, we have learned of important 
published articles not referenced in the current paper. These 
articles deal generally with earlier researches conducted on 
the effects of solution treatment and iron content on the 
mechanical properties of cast aluminum-copper alloys; they are 
cited below.1~4 

Archer and Jeffries! indicated an early understanding of the 
importance of solution temperature, impurity content, and cast- 
ing cooling rate on the strength and ductility of cast aluminum- 
copper alloys. Kempf? later showed that relatively high mechan- 
ical properties could be obtained in heat treated cast-to-size 
test bars of high purity aluminum-copper alloys. Hunsicker* 
demonstrated that iron affects the aging behavior of wrought 
aluminum-copper alloys by “tying up” a portion of the copper 
in intermetallic compounds. The authors hereby acknowledge 
these pertinent publications. 

It is important to emphasize wherein the work of the present 
authors extends and differs from those studies cited above. 
Such variables as casting cooling rate, metal purity, heat treat- 
ment temperatures, and many others have been found over the 
last several decades to have profound influences on the mechan- 
ical properties of aluminum alloy castings. With publication of 
these data, foundry techniques and processes have been 
gradually improved. However, only in recent years has it been 
shown that by extremely careful control of all foundry variables, 
and by judicious, extensive chilling, it is possible to obtain 
intricate high strength-high ductility production castings. © ° 
In these castings mechanical properties substantially above 
those required by present specifications are obtained; what is 
more important, now that this information has been made 
available and has been proved commercially practical, such 
properties can be and are being guaranteed throughout the 
castings. 

To date it has been found necessary to use chilling in con- 
junction with careful control of other foundry variables to ob- 
tain the high mechanical properties desired. The present re- 
search was undertaken, in part, to determine if stricter con- 
trol of certain variables (notably solution treatment and iron 
content) might be used in place of chilling to produce high 
strength-high ductility 195 alloy sand castings; it was also felt 
the stricter control might substantially improve the properties 
of moderately chilled castings. 

In this report, comprehensive data have been presented 
which correlate the effects of alloy analysis, distance from a 
chill, and solution treatment temperature on mechanical prop- 
erties. It should be possible to use these data in the rigging 
design of actual production castings in much the same manner 
as outlined in previous publications.* ° For example, to obtain 
a certain high level of mechanical properties in a particular 
high strength-high ductility casting, the data roughly indicate 
solution temperature, alloy analysis, and degree of chilling 
necessary. 

The data indicate that with extremely close control of solu- 
tion treatment and iron content, 195 alloy castings could be 





Discussions 


produced with very high mechanical properties without the 
aid of chilling. The addition of some chilling, however, permits 
the attaining of these or higher properties with more latitude 
in heat treatment and in alloy analysis. 

The present work has also been intended to extend our basic 
knowledge of the mechanisms whereby chills improve the 
mechanical properties of cast aluminum alloys. It was shown 
herein that a substantial portion of the improvement (in grair 
refined, well degassed metal) is due to a refinement of inter- 
metallic constituents. However, the entire improvement in 
mechanical properties obtained by chilling 195 alloy cannot be 
attributed to this microstructure refinement. An additional im- 
portant factor is undoubtedly the reducion in micropores, 
which was shown to be obtained in locations of a sand casting 
near a chill. 
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Presiding: J. F. Wattace, Case Institute of Technology, 
Cleveland. 

C. F. Watton, Gray Iron Founders’ Society, Cleveland. 
Secretary: P. J. AHEARN, Watertown Arsenal, Watertown, Mass. 

Effect of Some Gases on the Work of Adhesion Between a 
Novolak and Quartz, by D. W. G. Wurre, Dept. of Mines & 
Technical Surveys, Ottawa, Ont., Canada and H. F. Taytor, 
Massachusetts Institute of Technology, Cambridge. 

J. E. Bott! (written discussion): The authors are to be con- 
gratulated on an excellent piece of work. The reasoning and 
planning behind the experiments are not only sound but, while 
they may not appear so at first, reflect cognizance of production 
conditions and problems. 

The novolak, on which the studies were conducted, is cer- 
tainly the logical medium to observe because of its thermo- 
plastic nature. Novolak constitutes approximately 85-90 per 
cent by weight of the shell molding resins presently in use, the 
remainder being hexamethylenetetramine, to complete poly- 
merization. 

The difficulties encountered in this field of work can well be 
appreciated by those working with resins, and may well be 
pointed out to others. While we speak of a novolak being 
thermoplastic, it is so only with qualification. At the tempera- 
tures used in the experimentation, some slow rate of polymeri- 
zation would continue even in the novolak. Further, the reboil- 
ing of the novolak under vacuum as was perform:d would not 
only reduce free water content but likely remove some of the 
phenol as well, thus changing the nature of the novolak in use. 

By nature of the material used and in consideration of the 
above, the correlation of results obtained for the surface ten- 
sion values comparing this work with computations from known 
table values lends credit to the validity of results. Confirmatory 
tensile strength tests with specimen preparation under controlled 
atmospheres of the same gases would have added more. 

Regarding practical application of these findings, the authors 
have mentioned the possibility of precoating sands with resin 
in the absence of oxygen. This sounds quite plausible in light 
of the findings presented, and particularly so for the hot coating 
techniques. Under these conditions certain of the chain of 
events necessary to effect resin cure and bonding together of 
the sand grains (such as melting of the novolak and distribu- 
tion over sand grains) are made to occur. The gaseous atmos- 
phere subsequently encountered should have little if any effect 
on the adhesion of resin to the sand grains once coated with 
resin. Similarly, the effects of atmospheric gases may be made 
to serve advantageously with other resin coating techniques. 

With increasing application of resin coated sand, the effects 
of this and continuing or related works will place us closer to 
utilization of the potential bond strength inherent in phenolic 
resins. 
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Autuors’ Cicsure: The authors are indebted to Mr. Bolt for 
his considerate appraisal of their paper. But his gently phrased 
comments leave us in doubt whether he intends them as 
criticism to which he would like a reply or whether he is 
articulating for us the experimental difficulties attending a sub- 
stance as capricious as a novolak. 

On an occasion like this we must, for the benefit of others, 
reply to his remarks about the reboiling of the novolak and the 
omission of confirmatory tensile tests since both are well taken. 

The source of the resin used in these experiments was also 
the source of much valuable information on its characteristics. 
We were advised, then, to expect the loss of some phenol upon 
reboiling the resin sample under vacuum. The identity, there- 
fore, of some small white crystals condensed on the cooler parts 
of the flash used for this purpose, was no mystery to us. 

Reboiling the resin proved an effective means of appreciably 
reducing the number and size of small bubbles apt to precip- 
itate in sessile drops of the substance when held at 175 C for 
more than a few min. The effect of large numbers of these 
bubbles upon the shape and size of the sessile drops and hence 
upon the surface tension values derived therefrom was dis- 
astrous. 

Since a novolak is not a chemical compound with a definite 
composition but is as variable as its processing history, we 
believed that the loss of some water and phenol in a particular 
sample of resin was not especially important. However, by con- 
trolling the temperature and time of reboiling we attempted to 
produce the same water and phenol loss in each batch. In this 
way we hoped to obtain results of the effects of the four gases 
in terms of contact angles, surface tensions and works of ad- 
hesion which were comparable one with the other, since they 
would have been determined essentially upon substances with 
the same processing history. We could never have hoped for 
results with an absolute significance since, whether we had 
been forced to reboil the resin or not, the composition of the 
novolak used in experiments would always have been some- 
what arbitrary. 

The results of experiments reported in Table 5 were designed 
to confirm by spot checks with one batch of reboiled resin that 
the effects of one gas relative to another, as indicated by the 
original results, were in fact comparable. It is possible to state 
fairly that in the case of water vapor vis a vis ammonia we 
have succeeded. The results for nitrogen do not agree so well. 

We had 8 small rods with their axes normal to the major 
rhomb face, cut from a single crystal of quartz. The end faces 
of the rods, therefore, were in the same crystallographic plane 
as the surface of the quartz plaque used for sessile drop experi- 
ments. On each rod one end face was well polished. Pairs of 
these rods were cemented together with a novolak in similar 
controlled atmospheres to those used for sessile drop experi- 
ments. The tensile strength of the adhesive bond was then 
determined in a specially constructed apparatus. 

As is a common experience with tensile tests of brittle mate- 
rials, very small misalignments produced wildly scattered re- 
sults. Unfortunately, the causes of these slight misalignments 
were present in the quartz rods themselves — end faces slightly 
out of square, small ovality on the diameter, slight taper in the 
length, etc., so that before sufficient results had been obtained 
to give meaningful average strength values of adhesive bonds 
for any particular gaseous atmospheres, all the specimens were 
damaged or broken. 

Since this phase of the work has not been mentioned in the 
text of the paper, it may be worth noting here that many tests 
on the dog-bone type specimens bonded with thermosetting 
indicated tensile strengths greater by a factor of two to three 
than the strengths which have been reported from experiments 
resins. 

1. Chemical Materials Dept., General Electric Co., Pittsfield, Mass. 
Gray Iron Division 


Presiding: C. W. Ray, John Deere & Co., Moline, Iil. 

H. W. Rur, Grede Foundries, Inc., Milwaukee. 
Secretary: L. J. VENNE, Electro Metallurgical Co., Div. of 

Union Carbide Corp., Cleveland. 

A Study of the Ferritization of Nodular Iron, by E. J. Ecke, 
University of Illinois, Urbana. 

R. D. ScHELLENG! (written discussion): In describing his 
materials, Mr. Eckel states that the higher silicon and lower 
nickel contents of iron “E” give this material a more rapid 
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response to the ferritizing heat treatments. The effect of silicon 
in promoting the decomposition of pearlite is well known and 
the use of nickel to increase the amount of pearlite in as-cast 
structures is also well established. However, it should be 
pointed out that the effect of nickel in promoting pearlite is 
restricted to situations where continuous cooling prevails. 


TABLE A — DUCTILE IRON COMPOSITION 





Si Mn i Mg 


B: 82 0.25 .12 0.052 
1.84 ; 0.064 
Heat treatment: 
1650 F — 2 hr 
Furnace cool to 1275 F 
Hold at 1275 F for %, %, 1, 2, and 5 hr. 








wok ov eee 


Yy ch at 1275 F. 


Fig. A — Effect of nickel on ferritization of ductile iron. 2 
per cent nital etch. 100 x. 
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Nickel actually is a mild graphitizer and promotes pearlit 
formation by increasing the hardenability of the iron. In con 
nection with some other work, I had at hand a pair of ductil 
irons from a split melt of the compositions shown in Table A 

In all cases the nickel-bearing material contained less pear! 
ite than did the nickel-free iron as is shown in Fig. A. Othe: 
data available in the author’s company’s files show no pearlit: 
stabilization in a ferritizing heat treatment with as much as 
3.68 per cent nickel. 

Autuors’ CLosurE: With regard to Mr. Schelleng’s remark: 
in which he states that I erred in considering nickel a pearlit: 
stabilizer, I would like to cite the references which ied me t 
the conclusion I made. 


1. Bogan, L. C., The Status, Development, and the Possibl 
Australian Future of Spheroidal Graphite Cast Irons, Apri! 
7, 1953: 

“Nickel is held at 1.0 per cent maximum, indicating a 


0.12 per cent Ni. 


1.00 per cent Ni. 


5 hr at 1275 F. 
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desire to restrict the stabilizing effect of this element upon 
eutectoid pearlite.” 
2. Savage, R. E., “Heat Treating Ductile Iron, Part I”. Iron 

Age, Vol. 137, Nov. 21, 1955, p. 109: 

“Alloying elements such as chromium, nickel, and molyb- 
denum, retard the annealing cycle, and should be held 
to a minimum or the cycle adjusted to compensate for 
their effects.” 

An example of the annealing cycle is given as follows: 
“Heat to 1300 F for 5 hr plus one additional hr for each 
in. of section thickness, furnace cool to 1100 F, then cool 
to room temperature at any convenient rate.” 

. From a personal letter received from R. E. Savage (associ- 
ated with the Development and Research Div. of The Inter- 
national Nickel Co., Inc.), dated August 6, 1953. 

“In general terms the below mentioned elements influence 
the pearlite stability or carbide stability of ductile iron as 
follows: Increase Pearlite Stability—manganese, phusphor- 
ous, nickel, copper, and chromium .. .” 

It is clear that the above authors did not have in mind a 
hardenability effect, and what is more confusing is that Mr. 
Schelleng and Dr. Savage are both associated with the Inter- 
national Nickel Co. Considering the importance of stabilization 
it would seem appropriate for the International Nickel Co. to 
publish a paper covering the various aspects of nickel content 
on the annealing of ductile iron. 

Mr. Morton:2 The full anneal reported by International 
Nickel Co. and the sub-critical anneal presented in the paper 
would give different results. 

C. K. Donono:? I agree with the findings of the paper. 
We have found ductile iron with 1% per cent nickel more 
difficult to anneal. 

D. Martrer:* Nickel has an effect on critical temperatures. 
Treatment at 50 F higher or lower than was used would have 
changed ferritization rate. 

Mr. Mittes:* Nickel is an austenite stabilizer. There is a 
difference if we are getting ferrite from pearlite or direct from 
austenite. 

. International Nickel Co., Research Laboratory, Bayonne, N. J. 

2. Vanadium Corp. of America. 
. Chief Met., American Cast Iron Co., Birmingham, Ala 


- Mgr., Iron Foundry Service, Ohio Ferro-Alloys Corp., ‘Canton. 
. International Nickel Co. 


Magnesium Content and Graphite Forms in Nodular Iro> 4 


J. F. Exxis and C. K. Donono, American Cast Iron Pipe Co., 
Birmingham, Ala. 

Mr. Tuti:! I concur with your, findings, Mr. Donoho. 
We have found that magnesium contents greater than 0.15 
per cent gave similar results. The higher magnesium irons 
were more difficult to ferritize. 


1. Air Reduction Sales Co., New York. 


Some Structural Considerations in Nodular I ->, b: V. 
Putsirer, Armour Research Foundation, Chicago, III. 

E. J. Ecxex:! I am surprised at the size of the nodules. 
Other pictures I have seen show more and smaller nodules. 

V. Putsirer: The shot was made 5 min. after the magnesium 
addition and this is the time to form a complete no !ule. 

Mr. Raucu:? If this was a eutectic or hypseutectic iron 
would nodules form at the same time? 

V. Putsirer: I do not know. 

Mr. Mites:3 I am not sure that graphitization does not also 
occur at Jower temperatures. Ductile iron castings are beinac 
made with rigid mold walls and without risers and 2» shrin"- 
age is occurring. 

C. W. Gucrist:4 The casting referred to by Mr. Milles 
is a 32,000 lb casting with a 6-in. wall section and raa 'e with- 
out risers. The volume per cent of the graphite on preci it \i>> 
is at least three times the weight per cent of graphite. At solici- 
fication graphite expansion takes care of liquid shrinkaz >. 

V. Puusirer: The casting must be designed for directional 
solidification. 

C. W. Gucrist: Directional solidification is nebulous in a 
6-in. section. In this casting there seems to be no skin effect right 
to point of solidification. The casting has been sawed and is 
solid. 

1. University of Illinois, Urbana. 
2. John Deere and Co. 


3. International = Co. 
4. Asst. Works Mgr., Cooper-Bessemer Corp., Mt. Vernon, Ohio. 
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Presiding: K. G. Presser, Forest City Foundries, Cleveland. 
C. F. Watton, Gray Iron Founders’ Society, Cleveland. 
Secretary: W. R. Hon, Pontiac Motor Div., G.M.C., Pontiac, 

Mich. 

Gases in Cast ‘Iron with Special Reference to Pickup of 
Hydrogen from Sand Molds, by J. V. Dawson and L. W. L. 
Smiru, British Cast Iron Research Association, Birmingham, 
England. 

Presented by: H. E. HeENpERsoNn, Lynchburg Foundry Co., 
Lynchburg, Va. 

J. E. Wrruman! (written discussion): We were plagued a 
year ago with a pinholing defect. 

The holes occurred in all sections but were more severe in 
sections approximately %-in. These holes resembled those de- 
scribed in the article when the aluminum content of the iron 
was in the 0.01-0.02 per cent range. 

With 0.04 per cent aluminum, the holes became larger and 
the inner surface had a silvery luster rather than the black, 
shiny appearance with the aluminum in the lower range. 

We tried to cause the pinholes but could not produce them 
with the severity as when they occurred naturally. Pouring 
temperature seemed to be a factor in that pouring below a 
certain temperature decreased pinholing as did pouring above 
this certain, narrow temperature range. It was also found that 
pinholing became worse when total combustibles in the sand 
were down around 2 per cent. 

By keeping the pouring temperature and the combustible up 
and making aluminum content checks, elimination of pinholing 
was quite effective. 

The subject paper confirmed and explained our theories and 
led to further checking which showed we were using a 
titanium-containing pig iron which we have not used since. 


T. D. Hutcuison? (written discussion): While congratulations 
are due to Messrs. Dawson and Smith for the careful work, 
observations and results in this paper, the investigation of 
hydrogen pickup in relation to the aluminum, titanium, and 
magnesium contents of gray iron is rather narrow, so that some 
of the results may be misleading and some conclusions un- 
justified. 

It is mentioned early in the paper that nitrogen acts as a 
carbide stabilizer in cast iron, and that the addition of alumi- 
num or titanium neutralizes this effect by forming stable 
nitrides. From another point of view the nitrogen may be very 
important in inhibiting the reaction between aluminum and 
mold moisture by forming a stable nitride with aluminum. For 
this reason the writer was disappointed to find that no nitrogen 
analyses were done in the experimental work on hydrogen 
pickup. Furthermore, since zirconium is so closely related to 
titanium and is often added to cast iron it might well have 
been included in the investigation. 

It might also be pointed out that if the conclusions are to 
be applied in iron foundries, it would have been better to 
have made the experimental melts in a cupola. The oil-fired 
crucible furnace which was used: in the investigation has its 
own characteristics which are quite different from those in a 
cupola and very little iron is melted in this type of furnace. 

It is stated in the paper that a high manganese austenitic 
iron picked up much more hydrogen than did the other irons. 
In Table 1, which presents the experimental evidence for this 
assertion, the writer notes that the two austenitic irons con- 
tained 0.4 per cent and 0.49 per cent phosphorus compared 
to less than 0.1 per cent for the other irons. It could be claimed 
that the high phosphorus contents may have increased the 
hydrogen pickup on this evidence. 

It is also stated in the paper that pinholing is associated with 
hydrogen pickup, but that hydrogen pickup does not always 
cause pinholes, but where a negligible pickup of hydrogen 
occurred with increasing titanium’ in the presence of aluminum 
pinholes resulted in the castings. The further fact that a heavy 
hydrogen pickup did not cause pinholes when -coal dust was 
added to the green sand molds seems to indicate that some 
important variables were not under control during the experi- 
mental work, and that accordingly the results should be inter- 
preted with great caution. 

In conclusion, the writer feels that the paper may encourage 
an expensive fight to keep such elements as aluminum, ti- 
tanium, and zirconium to very low levels in cast iron when the 
true solution to the problem of pinholing lies elsewhere. 
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Autuors’ CLosure: We thank Mr. J. Withman for his inter- 
esting contribution to our paper. He has given further confir- 
mation of the dangers arising from traces of aluminum in cast 
iron. We have not observed the difference in the color and size 
of the pinholes associated with differences in aluminum con- 
tent. The number of pinholes becomes greater with increasing 
aluminum and, in Mr. Withman’s castings, they may have 
joined together to form larger pinholes. The loss of the graph- 
ite film would be more likely with the larger holes, giving 
the silvery, metallic luster. 

Mr. Hutchison has obviously given considerable thought to 
our paper and we thank him for his vigorous and provocative 
contribution. 

In raising the question of the reaction of nitrogen with 
aluminum and titanium perhaps he has in mind the possible 
use of nitrogen to reduce the effective concentration of these 
elements and thus reduce the pinholing tendency of the iron. 
This is a reasonable suggestion to make and, in fact, we have 
experimental evidence to show that raising the nitrogen content 
of a “pinholing” iron reduced the tendency to give pinholes. 
The nitrogen content of irons of the compositions used in the 
experiments melted under these conditions is a maximum of 
70 ppm nitrogen. This is an insignificant amount compared 
with the quantities of aluminum and titanium involved in these 
experiments. 

Our endeavors are directed to finding a method of eliminat- 
ing pinholes in normal foundry production, and we feel sure 
that Mr. Hutchison will agree .that it is easier to control the 
aluminum content of the iron rather than to raise the nitrogen 
content deliberately, quite apart from the fact that excess 
nitrogen contents are a potential source of blowholes. 

We agree with Mr. Hutchison on the chemical. similarity 
between titanium and zirconium and we did consider this 
element in our experiments. We know of no general use of 
zirconium other than as SMZ alloy and in our experience this 
always contains a significant amount of aluminum. The pres- 
ence of this aluminum would be expected to cause pinholing 
and high hydrogen pickup, and this fact has been established 
experimentally. 

Mr. Hutchison’s comment about the use of crucible melted 
iron instead of cupola iron is a red herring which we have also 
met in this country. Many industrial cases of the pinhole defect 
have been brought to the author’s notice in recent years, most 
of which were occurring in cupola melted irons. In every case 
the occurrence of the defects was the same as that described in 
the paper and the ultimate cause was always aluminum in the 
iron. 

Mr. Hutchison suggests that the large hydrogen pickup 
which occurred in the two high manganese irons in the pre- 
liminary tests could be attributed to the higher phosphorus 
content (or indeed the high nickel content). By the strict appli- 
cation of logical deduction to these tests alone Mr. Huchison 
is correct but we must remind him of our melt 1 in which the 
manganese was raised from 0.6 per cent—4.4 per cent and no 
other variation took place. The tremendous increase in hydro- 
gen pickup again occurred with the high manganese content. 
This high pickup due to manganese is a very serious problem 
in the industry, both in high manganese austenitic irons and 
pearlite malleable irons. This is particularly true of the latter 
when a small quantity of aluminum is also added to assist 
annealing. 

The effect of up to 1 per cent phosphorus in gray iron has 
been investigated without any appreciable effect on hydrogen 
pickup or pinholing being found. 

Mr. Hutchison’s comment that negligible hydrogen pickup 
occurred with increasing titanium additions in the presence 
of aluminum is not true. A considerable hydrogen pickup was 
already occurring from the presence of the aluminum. We 
agree that there is a negligible increase above this value with 
increasing titanium, and it is difficult to explain why this 
titanium should encourage pinholing. Increasing titanium by 
itself does not increase the pinholing tendency or the hydrogen 
pickup. 

In all of this work two points become increasingly evident. 
Firstly, whenever pinholing occurs a high hydrogen pickup 
occurs, and, secondly, aluminum is always present in normal 
irons exhibiting this defect. 

Further evidence of this effect of aluminurn on hydrogen 
pickup can be shown by the use of wet ladles. Metal contain- 
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ing 0.05 per cent Al cast from a wet ladle had an extremely 
high hydrogen content and gave a severely blown casting 
Similar metal with no aluminum cast under identical conditions 
had a lower hydrogen content and gave a sound casting. 

Mr. Hutchison quotes us as saying that a heavy hydrogen 
pickup does not cause pinholing in castings made in sand 
containing coal dust. This is a misinterpretation of the results. 
The tendency to pinholing is markedly reduced by the inclu- 
sion of coal dust in the sand but it is not entirely prevented. 
We draw his attention to our remarks in the discussion where 
we state that pinholing has been found in industrial castings 
made in sand with ample coal dust. The reason for the sup- 
pression of pinholing by these volatile sand additions without 
any reduction in hydrogen pickup is not fully understood and 
we can only repeat our suggestion that there is a connection 
between this point and the “wettability” of the sand. 

Much more turbulent conditions exist in the overflow mold 
than in the test casting and this may be the reason for this 
anomaly. The real point is that coal dust minimizes the ten- 
dency to get pinholes but does not completely prevent it. Our 
test conditions were such that the 6 per cent of coal dust used 
in the green sand molds was usually sufficient to suppress the 
pinholing almost completely. We fail to see that this indicates 
the lack of control of any variable. 

The manufacture of defective castings is always a costly 
business. One has to weigh the cost of controlling the alumi- 
num content against the losses due to scrap production, but 
the advantages of aluminum control are usually obvious. If 
aluminum is eliminated from the metal there is little likelihood 
of pinholing defects occurring. The advantages of aluminum 
control have been borne out many times in British foundries, 
and the contribution to this discussion by Mr. Hutchison’s 
compatriot is further evidence that our conclusions apply in 
practice. 

R. Crarx:* I have noticed that there seem to be different 
aluminum tolerances in cast iron in different shops engaged in 
the same general type of work. Some analyses may be in doubt 
as reproducibility of analyses by different laboratories tends to 


be poor. 


1. Foundry Engr., National Gray Iron Foundry, Belvidere, Ill. 
2. Prod. Met. Engr., Vanadium Corp., of America, Cambridge, Ohio. 
3. Electro Metallurgical Co., Cleveland. 


Risering of Gray Iron Castings, by J. F. WALLACE and E. B. 
Evans, Case Institute of Technology, Cleveland. 

E. A. Lance! (written discussion): This paper is a very good 
condensation of recent research work concerning the produc- 
tion of high integrity gray iron castings. It not only provides 
the foundrymen with a review of many of the factors which 
affect the soundness of gray iron castings, but also presents a 
simplified method for determining riser size and riser neck 
geometry. The generalized discussion of the effects of riser 
size and position and the absence of data on the effects of 
evolved gases in the section concerning microporosity indicate 
problems for future research. 

The authors state that the relationships in Figs. 2 and 3 for 
determination of riser size from casting geometry were ob- 
tained by combining the methods developed by Caine and 
NRL. It is the opinion of this reviewer that additional simpli- 
fication could have been achieved by the retention of the NRL 


shape factor, L+ wv. in the combined method, because calcu- 


L+ W : ain ‘ 
lating a —7— shape factor is not as difficult as calculating 


surface area. 

In addition to simplifying the calculations, the relationship 
between riser size and casting geometries can easily be checked 
and modified, if necessary, for individual foundry practices 
with the NRL method. For example, various casting shapes and 
sizes were assumed and proper riser diameters were determined 
for the case of high strength gray iron in green sand molds 
(Fig. 2). These data were then converted into terms used in the 
NRL method and are shown in Fig. A of this discussion to- 
gether with the data which was experimentally determined 
for steel. A variation in riser size was obtained for a particular 


factor because of the mathematics involved. 


However, experimental data for steel and nodular iron has 
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Fig. A— Comparing riser-casting relationships for high 
strength gray iron (Fig. 2) in green sand molds with riser-cast- 
ing relationships for steel. 


shown a straight line relationship exists between Vt and the 
e 


— factor on a_ log-log plot. Assuming a similar rela- 
tionship exists for gray iron, a straight line was drawn 
through the points which would indicate a safe riser size. The 
position of the line in: Fig. A can be easily checked for indi- 
vidual foundry practices because sections of castings having 
different weights are compared on the one line. 

Once the position of the line is established a nomograph 
can be constructed which will give the riser diameter directly 
when the riser geometry is constant. The nomograph for high 
L— 30,006 


— 
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20 
L+W 
T 
riser diameter from relationship shown in Fig. A. 


Fig. B — Nomograph for casting volume, factor, and 
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strength gray iron in green sand molds is shown in Fig. B for 
risers having a geometry of height equal to diameter. The riser 
diameter is obtained by drawing a line from the casting volume 


factor to the riser di- 


scale through the appropriate * ™ 


ameter scale. 


H. O. MEerrtweTHeErR? (written discussion): Riser Height — 
We have found that a side riser with a height equal to 1% the 
riser diameter is more effective than the riser with the height 
equal to the diameter of the riser. This is true mainly because 
we normally employ blind risers and we do not use any top 
riser insulation. When we use open top risers we find that the 
height of the riser should be about 2 times the diameter. In 
the case of top risers a height of the riser equal to the diameter 
seems to be satisfactory. 

I would like to add one thing about top risers. It has been 
our experience in the use of top risers that they are much more 
difficult to employ than side risers, It seems that the riser size, 
riser connection, and distance away from the casting are much 
more critical for top risers than they are for side risers and if 
the calculations for the top riser are not pretty close you will 
end up in a lot of trouble. I would certainly recommend the use 
of side risers when possible. 

Required Risers for High Strength Gray Iron vs. Risers for 
Soft Gray Iron — In actual practice we have found that the size 
riser required does not seem to be affected as much by the 
class or type iron as the charts in Figs. 2 and 3 might indicate. 
What we have found is that in the case of the soft gray iron 
we may not need a riser at all, whereas if the casting is 
made with a high strength iron a riser will be required. 
It seems that in the case of a soft gray iron casting where 
a riser is required it has to be almost as large as would be 
required to make it out of a higher strength iron. 

I have compared the riser sizes recommended in this report 
for a number of jobs in our foundry with the actual size riser 
that we are using, and except for the two differences pointed 
out the results are very close. I feel that this report certainly 
gives a relatively easy and accurate method of determining the 
size risers required to produce a casting free of all shrinkage 


porosity. 


D. L. McDermott, Jr.* (written discussion): If the au- 
thors’ equation were used to riser irregularly shaped castings, 
would not overrisering result in view of the parent-parasite 
relationshlp developed at the Naval Research Laboratory?4-® 
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AutHors’ CLosurE: The authors would like to express their 
appreciation for the interest and kind remarks of the discussors 
of this paper. Before replying to the specific points in the dis- 
cussion, the authors would like to correct an inaccuracy that 
crept into the mathematics employed in the paper. 

In performing our work, we considered: 

SAc 
= 
SAr 
Ve 
y= Vo 
from Caine’s work as they were intended to be. 
Our method of treatment was not described in the paper for 


the sake of brevity. In brief, we plotted" vs. S _ in a plot 
Cc Cc 
from Bishop’s work and obtained a straight line of the type 


SAr = Vea _ 1 1 
ee. (2) 


For steel (from the plot) 
m = 0.79 
C1 = 0.0395 
yielding the equation: 
Sr Ve 
7 — 0.039 
Sc 0.79 Ve 395 





SAc 

Vo_ 

SAr 
Vr 


Vr 


l 
and y = —— in equa- 
y Ve 1 


Substituting m ee and & —=b, x= 


tion 1: 

oy: nae 

~ yb 
where both c and b are constants for steel, 
1.265y _ for steel. 


y-0.050 : 
If a cylindrical riser with a height = diameter is employed: 


and x = ——__.— 


equation 1 may be expressed as: 
57D2 rD3 
4 4 
= -cl! 
es ce ae (3) 


Substituting m =) 








b 
and C1 re and observing from known 


data that C = 25b for steel, nodular and gray iron, and substi- 
tuting this value, equation 3 becomes, after simplification: 
125 _ D _ 1275 
SAc b*Ve D2 
and SAc = is 
D _ 1275 
b’Ve D2 

Thus our final equation given in the paper is correct. 

The avthors appreciate the remarks of Mr. Meriwether. His 
experience with the risering contributes to our knowledge of 
the subject. It is certainly true that risers with height to diam- 
eter ratios greater than one are required when no top riser 
insulation is employed. 


The use of pe td 4 W shape factor, as pointed out by Mr. 


Lange, does greatly simplify the work necessary for the calcu- 
lation of riser sizes. Although this shape factor is not as rigor- 
ous as the surface area and volume factors used in this paper, it 
is believed that the use of the shape factor results in the calcu- 
lation of riser dimensions with sufficient accuracy so that the 
use of this factor is justified. The authors of the paper are 
indebted to Mr. Lange for this excellent addition to the paper. 

The question of the effect of parent-parasitic shape relation- 
ships raised by Mr. McDermott, Jr., is an important consider- 
ation in risering. It is undoubtedly true that the greater surface 
area to volume ratios encountered with thin plate and bar ap- 
pendages reduce the riser size from that required by an equiv- 
alent volume in more massive sections. 

When the surface area and volume values are employed 
such as in this paper, the adjustment for such shape variations 


is automatic. When 


L 7M” shape factors are employed for 


the heavier sections on which the risers are located and para- 
sitic appendages occur, some adjustment is necessary. The 
references referred to by Mr. McDermott used this shape fac- 
tor and total volume, as described by Mr. Lange in the previous 
discussion, and therefore this adjustment was necessary in that 
case, but not in the case of the factors used in this paper. 

T. Ecan:* I do not feel that the definition of casting area 
was clear enough in the paper. 

J. F. Waxtace: In the determination of area we tried to 
consider all areas where possible, both inside and outside sur- 
faces. : 

C. F. Watton: Actually risering may be less than what is 
shown here to be needed by this rigorous treatment. Much of 
this data was developed for steel because due to the high 
shrinkage of steel which was the most pressing problem. An 
additional factor in the risering requirements is the pouring 
time and the flow pattern as it influences directional solidifica- 
tion. It is possible to get large effective section sizes from very 
small thickness by driving sufficient iron through a small section 
to make the mold surface very hot. 

T. Ecan: Fast pouring ‘tends to make a riser out of a runner 
bar by this same action of passing a large amount of iron 
through this small section in a short period of time. 
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. U.S. Naval Research Laboratory, Washington, D. C. 

. Foundry Methods Supvr., Lynchburg Foundry Co., Lynchburg, Pa. 
. Hartford, Conn. 

. Cooper-Bessemer Corp., Grove City, Fa. 

. Gray Iron Founder’s Society, Cleveland. 


Presiding: D. E. Krause, Gray Iron Research Institute, Co 
lumbus, Ohio. 

R. W. Barker, Ford Motor Co., Cleveland. 

Secretary: E. B. Evans, Case Institute Of Technology, Cleve 
land. 

The Controlled-Slag Hot-Blast Cupola, by D. FLEeminc 
Foundry consultant to the Textile Machinery Makers, Ltd. 
Oldham, England. 

Presented by: R. W. Krarrt, University of Michigan, Ann 
Arbor. 

W. R. Jaescuxe!: Mr. Fleming’s paper is a really worth- 
while contribution to the development of these special cupo- 
las and I’m sure we all duly appreciate this fine piece of 
work. It is probably the first time an author has reduced 
the design of these cupolas to some general basic principles. 
Mr. Fleming's rules relative to coke size, tuyere projection, 
active melting zone area, and melting rates seem to be 
quite practical. 

Of particular value, I believe, are his data on shell cooling 
losses, tuyere cooling losses, and his conclusions as to the 
practical minimum size for a drastically water-cooled cupola 
of this type. 

A timely warning is also noted in his study of the con- 
tour of the cupola refractory lining that alters as a result 
of growth during service. I had the occasion to observe such 
a growth in Mr. Fleming’s cupola on one of my visits to 
England. This growth may have been influenced by the 
studs on the water-cooled shell. These studs are shown on 
the original design but not on the new cupola design. 

The disturbing feature of this growth is that most opera- 
tors think of this cupola as of constant inside dimensions 
as compared to increasing internal dimensions in a conven- 
tional refractory lined cupola. Mr. Fleming warns us _ that 
this lining growth may reach proportions sufficient to cause 
scaffolding or “hang-ups” in the cupola. 

W. Levr?: The cupola design of Mr. Fleming employs a 
blast velocity of 85 fps or 5,100 fpm which, by comparison, 
is considerably lower than in the two cupolas at our Radford, 
Va. plant. Both of our cupolas have shells 96 in. inside 
diameter, one being cooled internally with water tubes and 
the other externally with a water curtain on the shell. The 
circle bounded by the cooling tubes is 87 in. in diameter 
which might be looked upon as the maximum available 
melting area, while in the externally cooled cupola the maxi- 
mum available melting area would be that of a 96 in. diam- 
eter circle. 

In each of these cupolas there are six tuyeres, each 6 in. 
in diameter. The air blast velocity through them has been 
found to be in excess of 22,000 fpm or about 370 fps, 
compared with 85 fps in the cupola described by Fleming. 
We find that high blast velocities seem to help in obtaining 
high metal temperatures. In the cupola with the internal 
water tubes the tuyere-to-cupola area is 2.8 per cent while 
in the externally cooled cupola this value is somewhat smaller. 

The tuyeres in the internally cooled cupola protrude about 
9 in. beyond the tubes and thus bound a 69 in. diameter 
circle. We have melted in excess of 40 tons per hr over 
10-hr shifts, and it seems that this is a rather high melting 
rate for a 69 in. cupola. It therefore seems to me that we 
may be melting in an 87 in. cupola though it is well known 
that coke ratio and blast rate are important factors in de- 
termining melting rates. This does not, of course, prove 
what determines the size from the standpoint of melting 
rate, but is simply a report of our experience with a par- 
ticular cupola. 

M. H. Horron?: It must be remembered that cupola oper- 
ation is highly dependent on such factors as coke size and 
composition. The British use a high-ash low-reactivity coke 
(carbon pickup is less than in American practice with low- 
ash coke) and a high-blast temperature (—1000 F developed 
by recuperative preheating). With this arrangement the hot 
blast is above the ignition temperature of the coke and no 
chilling effect is experienced. In American practice with some 
blast temperatures of 400-500 F at present, protruding tuyeres 
are not necessary in conventional cupolas. Conventional 





Discussions 


round tuyeres give good performance with a 66-in. water- 
cooled cupola. 

Coke size is an extremely important factor. Much difficulty 
was experienced during the war years when small-size coke 
was used; necked-down tuyeres or high velocity blast did not 
help. In particular, small coke size and small tuyere diameter 
will give bad performance by setting-up large back pressures. 
Today, the coke size is favorable to a deep penetration. 


1. Whiting Corp., Harvey, Ill. 
2. Lynchburg Foundry Co., Redford, Pa. 
3. John Deere and Co., Moline, Ill. 

Foundry Applications of the Calcium Carbide Injection 
Process, by W. R. Lisosey and A. E. Tutt. 

Mr. Numacuen!: In the figure showing the depth of chill 
with decreasing sulfur, what was the manganese content? 

W. R. Lisopey: Minimum chill was obtained at 0.064 per 
cent sulfur and optimum structure for the 1.2 in. test speci- 
men. Decreasing sulfur resulted in greater chill. The man- 
ganese contert was about 0.6 per cent. 

M. Horton?: Lowering the sulfur content allows manga- 
nese to be active as a pearlite stabilizer. This is the case, 
for example, in producing nodular iron where the sulfur con- 
tent is 0.01-0.02 per cent. To prove a point, why not elimi- 
nate manganese when determining the influence of carbide 
injection. 

R. Crarx?: Sulfur is a potent factor in determining the 
graphite structure. In the induction melting of pure Fe-C 
alloys (sulfur-free), it is very difficult to obtain a typical 
graphite structure. Also, it should be realized that the hold- 
ing time before pouring can be a powerful factor. It is 
known, for example, that increased holding time with power- 
on results in a greater depth of chill. 

A. E. Tutxi: Our melts were held at 2800 F by utilizing 
the holding-tap on the furnace to prevent any boiling action 
of the melt. 

D. E. Krausert: What was the weight of a heat of metal? 

W. R. Lisospey: The heat size was 500 Ib with an acid- 
lined (silica) furnace. 

MeMBER: What was the heat loss in lowering the sulfur in 
the bath? 

W. R. Lisopey: We did experience a temperature drop 
when desulfurizing our laboratory-size melts. Perhaps Mr. 
Levi can give us some results from his foundry which would 
be of more value since his findings would be pertinent to 
production heats. 

Mr. Levi: At one of our plants we have a desulfurizing 
bath which holds 12,000 Ib of molten iron. This bath is 
used in conjunction with a cupola melting at a rate of 
30 tons per hr. The bath is stationary and overflows at the 
same rate as iron enters. Metal enters the bath at a tem- 
perature of about 2880 F and flows out at about 2750 F 
after desulfurnization with calcium carbide for an average 
temperature loss of about 130 F. The temperature drop will, 
of course, vary with size of the bath, melting rate and other 
practices. 

MeMBER: Was there any carbon pickup in using the in- 
jection process? 

W. R. Lisopey: Yes. Time is a factor since a longer time 
means that more carbon will enter into solution in the bath 
from the reaction with the injected carbide. Carbon content 
was determined from drillings by the combustion method. 

Memser: What was the erosion rate of your carbon in- 
jection tube? 

W. R. Lisopey: A 2 in. diameter, 9-ft long tube is con- 
sumed in an 8-hr day. 

Mr. JENNER®: Was there any calcium pickup? 

W. R. Lisospey: No. The injection of 100 lb of carbide 
per ton of metal résults in a calcium pickup of probably 
less than 0.01 per cent. 

. Gardner-Denver Co., Quincy, Ill. 

. John Deere and Co., Moline, Hl. 

. Electromet Div., Union Carbide and Chemical Corp., Cleveland. 

. Gray Iron Research Institute, Columbus, Ohio. 


5. Lynchburg Foundry Co., Redford, Pa. 
. White Motor Co., Cleveland. 


Effect of Size of Scrap on the Taping Temperature of 
the Cupola. by N. H. Keyser, Ass’t. Chief of Process Metal- 
lurgy, Battelle Memorial Institute; and W. L. Kann, Jr., Vice- 
President, Globe Abrasive Co., Mansfield, Ohio. 
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MemBer: What were the length and width dimensions of 
the scrap charge? 

N. H. Keyser: In the mixed scrap charge the length was 
less than 2 ft and the width less than 1 ft. A typical 4-in. 
thick section weighed 150-200 Ib. 

Memper: Did the pressure go up when the heavy scrap 
wes charged? 

N. H. Keyser: No. 

R. ARMsTRONG!: How much additional coke was required 
as the scrap size increased? Was there any chemical com- 
position variation as the scrap size was altered? 

N. H. Keyser: As the scrap size increased 10-20 lb of coke 
was added per charge. The chemical composition of the 
scrap was held constant as the size of scrap was altered. 

H. ScHWENGEL?: Was there any effect on the lining? 

N. H. Keyser: In our water-jacketed cupola, no effect was 
noted on the lining. 

M. Horton?: What was the. thickness dimension of the 
scrap, and how much was used per charge of the heavy 
material? 

N. H. Keyser: Most of the scrap was 1 in.; occasionally 
sizes greater than 1 in. up to 4 in. were charged. 

M. Horton: We have charged complete flywheels weigh- 
ing 200 lb or more and have not observed any detrimental 
effect on temperature. 


1. Forest City Foundry Co., Cleveland. 
2. Modern Engineering Co. 
3. John Deere and Co., Moline, Ill. 


Brass and Bronze Division 


Presiding: W. H. Barr, Bureau of Ships, Navy Dept., Wash- 
ington, D. C. 

J. E. Gornermce, Foundry Services, ;Inc., Columbus, Ohio. 

Secretary: R. F. Scumipt, Ajax Metal Div., H. Kramer & Co., 
Philadelphia. 

The Chemical Treatment of Copper Alloys, by R. W. 
Rupp.e, Foundry Services, Inc., Columbus, Ohio. 

G. P. HALLIWELL! (written discussion): While I am in gen- 
eral agreement with Mr. Ruddle in his theoretical considera- 
tions, I do not completely agree with him, from a practical 
point of view. The paper states that fluxes are used to reduce 
metal losses, and at the same time to remove the gasses ab- 
sorbed by the molten metal. 

In work done at Battelle Memorial Institute, it was found 
that heats of 85-5-5-5 and Navy “G” were always more gassy 
when molten glass was used as a protective cover. This was 
assumed to be due to the diffusion of hydrogen in the prod- 
ucts of combustion through the hot walls of the crucible, even 
though the latter had been originally glazed. This condition 
existed also, when a high frequency induction furnace was 
used. Here the moisture which condensed on the copper cool- 
ing coils of the furnace served as a source of the hydrogen. 

We have substantiated this effect of the glass cover in our 
own plant, and do not recommend the use of glass except 
under extraordinary circumstances. The use of an oxidizing 
flame reduces the amount of gas absorption, but also increases 
metal loss. While we believe in low melting losses we also be- 
lieve that sound castings are the essential product of a foun- 
dry, but not at the expense of low metal losses. 

When you give an oxidizing reduction treatment to the high 
phosphorus tin bronzes containing 0.75 per cent phosphorus, 
is there not an excessive loss of phosphorus, which must be 
later replaced? 

Lately, in regard to grain refiners while we would all like 
to find some method other than chilling to accomplish this, 
many of the additions suggested form hard compounds, which 
if agglomerated cause difficulty in machining. This is especially 
so in the high tensile manganese bronze, where this hard ma- 
terial has been found to contain small amounts of titanium, 
chromium, boron, and similar metals. 

A recent article in the Metals Industry, vol. 91, No. 1, July, 
1957, gives such a composition of this hard material. Perhaps 
Mr. Ruddle would like to make some comment on this phase 
of the subject. 

AuTHor’s Ciosure: I feel that Mr. Halliwell’s comments 
are an excellent example of the statement I made in the 
paper that the choice and application of fluxes needs a good 
deal of specialized knowledge, and that it is easy to use 
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the wrong type of material. In the work carried out at Battelle 
Memorial Institute which Mr. Halliwell describes it seems that 
molten glass was used as protective cover over melts of 85-5-5-5 
and other gun metals. Glassy fluxes are quite the wrong type 
of fluxes to use with alloys of this kind which readily absorb 
hydrogen and their use should be restricted to yellow brasses 
and other alloys where hydrogen pick-up is not normally a 
problem. 

Virtually the sole merit of a glass flux is that it reduces 
oxidation and zinc loss. The correct type of flux to use with 
85-5-5-5 and other gun metals is an oxidizing flux, which by 
introducing oxygen into the melt effectively prevents hydrogen 
from entering either via surface of the melt or through the 
walls of the crucible. As explained in my paper, the action of 
these fluxes is dependent on the laws of mass action, the in- 
troduction of oxygen causing expulsion of any hydrogen present 
in the melt. 

It is true, as Mr. Halliwell finds, that application of an 
oxidizing treatment to tin bronzes containing 0.75 per cent 
phosphorus results in some loss of phosphorus which must 
later be replaced; but the alternative will often be severe gas 
porosity and in many cases the phosphorus loss following the 
use of a flux will clearly be the lesser of two evils. 

Mr. Halliwell also refers to the grain refinement of mangan- 
ese bronze and similar alloys, and suggests that additions of 
refiners may cause thé formation of hard compounds which, if 
agglomerated, cause difficulty. I feel that the answer to this is 
that grain refinement, if properly carried out, involves the use 
of such small quantities of refining agents that no trouble should 
be experienced from this cause. 


1. Dir. of Research, H. K. Ramer Co., Chicago. 


Presiding: F. L. Rippie, J. Kramer & Co., Chicago. 

A. W. BarpeeEn, Ohio Brass Co., Mansfield. 

Secretary: P. H. Ductianme, Doran Manganese Bronze Co., 
Columbian Bronze Corp., Brooklyn, N. Y. 

The Use of Oil-Bentone Sand for Higher Quality Finish in 
Brass and Bronze Castings, by O. E. Jounson, H. B. Ives Co., 
New Haven, Conn. 

T. P. MAINZINGER (written discussion): Your paper was 
very interesting to us at Attwood Brass because we have used 
oil-bond sand about 1%-years, and the conclusions we have 
drawn agree very much with yours. 

We too are a semi-captive foundry. We have 6 jolt-squeeze 
machines and 1 roto-lift unit. The bulk of our molds are run 
on the jolt-squeezers in 13 in. x 18-in. flasks of snap, slip, 
pop-off, or tight pin variety. Larger flasks up 22 in. x 34 in. 
with mold weights as high as 120 Ib are run on our roto-lift. 
We have found the oil-bond sand highly satisfactory for the 
wide range of mold sizes we run on our two types of molding 
machines. 

We were also very pleased to discover that oil-bond sand 
definitely gave us raw castings with much smoother surfaces. 
This has been a particularly big advantage for us since prac- 
tically every brass piece we mold is eventually polished and 
then chrome plated. Not only has oil-bond given us smooth 
surface castings, which has greatly reduced our grinding and 
polishing costs, but it also has made it possible to mold castings 
to much closer tolerances than we could with clay-bond sand. 
We can now satisfactorily compete with the shell-mold proc- 
ess. 

Speaking of close tolerances, one might say that oil-bond 
sand does too good a iob in duplicating patterns. The small 
dings, dents, and other imperfections in our pattern equip- 
ment which were not noticeable in castings made in clay- 
bonded sands now became so noticeable we had to recondi- 
tion a great many of our patterns. 

Oil-bonded sand does have some very legitimate disadvan- 
tages, however. For consistently satisfactory molds we have had 
to maintain oil-bond within a very narrow range of sand 
strength. We have found it necessary to remull oil-bond sand 
every time it is used. Also, we attribute a great deal of our 
success with this sand to the highly-conscientious attitude of 
our muller operator who does an outstanding job of testing 
samples of every sand batch. 

Then, of course, there is the well-known disadvantage and 
hazard of flash fires. Periodically we have one of these fires as 
a result of not allowing the casting to cool below the flash point 
of the oil before shakeout. But we keep proper fire extinguish- 
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ing equipment handy at the shakeout point and this is not a 
serious problem for us. Hot sand has not been a problem in 
our operation since we use a good volume of oil-bond sand 
which allows plenty of cooling time in each molding cycle 
even during the hot summer months. 

There is one problem that your paper did not touch on but 
which we have found to be very significant. We are still look- 
ing for a pattern paint to which oil-bond sand will not adhere. 
Shellac, the old standard for patterns, will not work, and we 
have not been able to find a satisfactory substitute. 

After 1%-year’s experience, we feel that although oil-bonded 
sand does have some disadvantages, for us at least it has a 
greater number of advantages. 


1. Attwood Brass Works, Grand Rapids, Mich. 


Die Casting Division 
Presiding: R. P. Dunn, U. S. Reduction Co., East Chicago, 


Ind. 

G. S. Hopcson, National Lead Co., Doehler-Jarvis Div, 

Toledo, Ohio. 

Secretary: A. J. Pricxerr, Western Electric Co., Hawthrone 

Works, Chicago. 

Die and Permanent Mold Casting of Nonferrous Metals 
in the United Kingdom, by L. J. Brice and G. A. BroucHTon, 
Ministry of Supply, England. 

Mr. HorrMan!: What type of furnace is used in the 
United Kingdom for copper-base alloy? 

L. J. Barce: A dry hearth furnace is used, but I do not 
consider it adequate. 

Mr. Kricuinc?: What is the material you use in permanent 
mold dies? 

L. J. Brice: Lew alloy steel. 

D. L. Cotwe..?: Pistons in the United Kingdom and Ger- 
many are of 20-23 per cent silicon. How widely is this 
material used, and why not use a copper silicon type like ours? 

L. J. Brice: As far as I know this material is not applicable 
for use in the United Kingdom. The highest silicon content 
in use, I believe, is about 12 per cent. 

Mr. Cacrx4: Do you know whether or not it is possible 
to obtain crack-free chromium plating with thicknesses of 
plate in the order of 0.001 in.-0.002 in.? 

Mr. Droper’: Because of the microscopic holes in the 
plate, I feel this is impossible. 

L. J. Brice: I do not have sufficient information on this 
subject. 

Mr. Hopcson®: If you increase thickness of the chrome, 
the use of increased thicknesses of nickel or a dual nickel 
plate is necessary. 

D. L. Cotwe : Is vacuum die casting in the United King- 
dom parallel to ours? 

L. J. Brice: Vacuum die casting in the United Kingdom 
is done through American license. 
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Aluminum Melting Practice in the Die Casting and Per- 
manent Mold Fields, by J. P. MoEHLING, The Stroman Furnace 
& Engineering Co., Franklin Park, Ill. 

Mr. Hopcson!: I understand that in a_ stack-charging- 
type furnace efficiencies on the order of 60 per cent are 
possible. 

J. P. Moenuinc: That is correct. 1200 Btu’s per lb of alu- 
minum. 

Mr. LasHotKa?: What is the price rang of the best break- 
down furnace or centrallized melting furnace? 

J. P. Moenuinc: The most economical is a stack-charge-type 
furnace. 

Mr. Wenpr®: How far along is the use of reverbatory 
furnaces in vacuum die casting? 

J. P. Mornuinc: The Nelmor Co. is using a stationary 
bowl crucible furnace with a dry hearth. 

R. C. Cornetxi*: What progress has been made to elimi- 
nate metal buildup at the metal line? 

J. P. Morenuinc: Uniform and strict maintenance (cleaning) 
procedures are being put in effect. Some success has been 
had using three rows of silicon carbide brick at the metal line. 
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Mr. HorrMan®: Has a brick such as 80 per cent aluminum 
oxide been used? 

J. P. Morenuinc: Yes, but we stick to a 60 per cent alumi- 
num oxide brick. 

. National Lead Co., Toledo, Ohio. 

. Mohawk Foundry. 

. Kiekhafer Corp. 

. Litemetal Diecast Co. 

. Aluminum Castings Corp. 

Presiding: R. C. Corne.x, Litemetal Diecast, Inc., Jackson, 

Mich. 

H. S. Cacin, Society of Die Casting Engineers, Detroit. 
Secretary: A. Tinett1, A C Spark Plug Div., G.M:C., Flint, 

Mich. 

Melting Practice for Aluminum Casting Alloys, by W. N. 
BraMMER, Apex Smelting Co., Cleveland. 

A. R. Trvettri!: Have you noticed any difference in me- 
chanical properties between metal melted in induction fur- 
naces and that melted in reverberatory-type furnaces? 

W. N. Brammer: If the proper techniques are followed 
in both cases, there will be no difference. 

Mr. La Scnotxa2: Would you continually charge and dis- 
charge metal, or would you operate in batches, fluxing the 
metal in between batches? 

W. N. Brammer: The best method is the double furnace 
method. The metal is melted and fluxed in one furnace and 
transferred to another furnace from which it is used. I 
realize this is not always practical in manufacturing, so any 
method which assures clean metal is satisfactory. 

P. P. HorrmMan?: Do you feel cover fluxes are of value? 

W. N. Brammer: Aluminum alloys form a thin oxide 
layer which acts as a very good cover to protect the balance 
of the metal. 

R. C. Corneti*: How detrimental is dissolved gas in pres- 
sure casting? 

W. N. Brammer: In many cases, it is not detrimental, 
but in order to eliminate one possible source of trouble, 
you should start with the best metal. 
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Progress in Vacuum Die Casting, by Daviy MORGENSTERN, 
Nelmor Manufacturing Corp., Euclid, Ohio. 

W. Josepu!: Is there any change in die lubrication when 
using vacuum? 

D. MorcEnsTERN: For zinc die casting, we find that you 
need not lubricate as frequently when vacuum casting, and 
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that the recovery from an oil shot is much faster. In many 
cases, there is no need to scrap the oil shot. I have not 
enough experience now with aluminum to say what the effect 
will be. 

W. N. Bremmer?: What alloys have you been using in 
your work? 

D. MorRGENSTERN: In zinc, we use the No. $3 alloy. In 
aluminum, we use the L-214 alloy and MD-24 alloy. 

1. Ainsworth Precision. 
2. Pressure Castings, Inc. 

Experiences in Nonferrous Die Casting Die and Permanent 
Mold Life, by Gzorce Orro, Plant Metallurgist, Maytag Co., 
Newton, Iowa. 

P. P. HorFMAN!: What is the analysis of H-13 steel? 

G. Orro: H-13 is a medium carbon, 5 per cent chromium, 
1.25 per cent molybdenum hot work die steel. 

D. MorcENSTERN?: What is your experience with cast 
inserts? 

G. Orro: We are just getting started with cast inserts, so 
I have not any definite information as yet. 

E. W. Woops?: Are you getting the inserts cast by the 
Shaw process. 

G. Orro: No. 

R. C. Corneii4: Do you know of any new steels for die 
cast dies? 

G. Orro: There is a modified H-13 which is a precipitation 
hardening steel. 

Memser: Do you make your own plungers? 

G. Orro: Yes. We have used beryllium copper, aluminum 
bronze and are at present re-evaluating H-13 as we are hav- 
ing wear problems. 

D. MorcensteRN: How many shots do you consider nor- 
mal for a plunger? 

G. Orro: I do not have any figures available. 

E. W. Woops: You mentioned using both hardened and 
unhardened molds. What was the difference in life? 

G. Orro: I was speaking of permanent molds, and the 
life of the unhardened H-13 mold was approximately twice 
that of the cast iron mold. 

D. L. Cotweit5: How do you protect your dies from 
carburization or decarburization during heat treat? 

G. Orro: We heat treat in a controlled atmosphere fur- 
nace and maintain a + 10 dew point. 
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abrasion 187-196 
Titanium, high strength . .225-230 
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Hypereutectic iron .............209 
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Cupola (continued ) 
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Risering 49-55, 369-379 
Riser neck selection ..........53-55 
Dimensions 
Recommendations 
Riser size selection 
SERED 55.0034 cavewsc dee Oe 
Equations for calculating ..... 52 
Liquid contraction ........... 52 
Variables Si, 52 
Shrink behavior of a typical .375, 376 
Solidification and risering ...369-379 
Solidification mechanism ..49, 50, 51 
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cast iron ; 
Pinholing effect ...... 21, 23, 26, 27 
Vs. sulfur, nodular iron ........ : 
-Aluminum-zinc casting alloy .222-224 

Magnesium Alloy 
Acid dip test, AZ92 
Aluminum content, test specimen .410 
Chemical composition control ....410 
Chrome-pickle treatment ........544 
Composition limits, AZ92 and 

AZ63 
Composition, properties and corro- 

sion losses ..............-946-548 
Copper effect on AZ92 and 

SE is va 0 0'0n bee cman 544, 547, 552 
Corrosion tests made, AZ92 and 

oe big ek wo el ne aides «ee 
Determination of tensile 

properties 

Equations for 

Mean, and scatter 

Regression coeffcient 

Standard deviations 
Elongation minima ‘ 
Gradiations in microshrinkage .. .41( 
Impurities effect on corrosion 

resistance, AZ92 and AZ63 .544-552 
Industrial atmosphere tests, 

RAR eek AS |... sce ee so SR 
Iron effect, AZ92 and AZ63 .....547 
Mean elongation 
Mean ultimate tensile strength . 
Mean yield strength 
Nature of microshrinkage in . 

Nickel effect, AZ92 and 

AZ63 544-545, 547, 551-552 
Radiographic classification 
Radiographs for quality 

control 
Salt peroxide spray tests, AZ92 

MED sda tek rie wk season 6 a 
Salt spray tests, AZ92 and 

AZ63 
Silicon effect, AZ92 and AZ63 ..544 
Tempers used for tests, AZ92 

~ re re 
Tensile tests, AZ92 and AZ63 ....544 
Types of microshrinkage 
Ultimate strength minima 
Yield strength minima 

Magnesium Castings 
Achieving fine grain size 
Alloy composition, for tests . .380, 381 
Chemical analysis ..............338 
Chemical analysis, 
experimental heats 


Magnesium Castings (continued) 
Chemical control and melting 
SIE... 00.00. 0vueka 241, 242, 337 
gO PEEPPerrre Tres Te 
Chilling vs. mechanical 
properties 
Chilling vs. tensile strength ...... 241 
Cleaning and heat treatment ..... 244 
Cooling range ............382, 383 
Cooling rate vs. grain size ... .383-385 
ne rs Sediiadasnadeee naeeuee 
Foundry data large and small 
gimbal castings .........242, 248 
Gating, risering, molding ....... ‘ 337 
Grain refinement 
Grain sizes 
Heat treatment 
High strength sand castings, 
chill performance 
Markets for 
Mechanical properties ..... 245, 246 
Chilled .......337, 338, 339, 342 
Specifications , 341 
Metallographic examination .337, 338 
Microstructure rating ........... 338 
Molding procedure, gimbal 
CRIED. «06 day eau 242, 243, 244 
Rigging design ....... 241-246, 341 
Solidification progress 
micrographs 
Spectroanalysis, test 
composition 
Tensile properties 
Maintenance 
A matter of logic .............. 439 
And mechanization 
Compressed air 
Cranes and hoists .......... 437, 438 
Definition of 
Engineering for preventive 
Engineering standards and inspec- 
tion follow-up 
Fuel burning appliances ........ 438 
In management 
Inspection frequency 
Material handling 
Belt and gravity conveyors ....437 
Bucket elevator boot and clam- 
shell buckets 
Molding machines ........... 437 
Self-propelled vehicles ........ 436 
Towed or pushed vehicles .436, 437 
Melting equipment 
Per cent maintenance workers 
in plants 
Plan for preventive 
Plant department duties ........ 433 
eS ee ee 433-434 
Prevention by the ounce ... .433-438 
Preventive, in foundry 446-451 
Program, establishing an 
effective 
Programs 
Air cylinder 
Departmental 
III” din was 3u-4coun aide 451 
Lubrication 


Records 

Utilities importance 

Utilization apparatus inspection 
and 434, 435, 436 
pebtie WHOS oi ice dic weet 434 
Generator and rectifiers 
SE. cick sontanetsa¥eu 436 
Lifting magnets and magnetic 

pulleys 435, 436 

Lighting 
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Maintenance (continued ) 
Magnetic brakes 
Motor controllers ........ 434, 435 
Signals 
Visual record board 
Malleable Iron 
Annealing rate ...............--389 
Basic chemistry, standard and 
pearlitic 
SS ee reer errors. 4 
Charge, typical, standard and 
pearlitic 
First stage graphitization ........387 
Foundry, carbon dioxide cores 
i 252-256 
Hardness determinations . ...389, 390 
Hardness values, standard and 
pearlitic 
Holding time effect 
Mechanical properties, typical, 
standard and pearlitic 


Microstructures 
Microstructures, effect and 
cause 
Number of anneals vs. hardness 
and annealing rate ...........388 
Number of traverses vs. maximum 
ON SORE 565.0 cceve aeevoe cee 
Oxygen vs. annealability 18 
Pearlite, hardenability 
UNG, cach aw ad wiaks te dine aia 
Repeated annealing effect, second 
stage graphitization 
Salt bath heat treatment ....510, 512 
Slow-cool process ..............387 
Standard and pearlitic, heat 
treatment vs. quench and 
temper 507-508, 510 
Surface effects 389, 390 
Ways of eliminating pearlite, 
second stage graphitization . «. .387 
White iron composition, test metal, 
MINI sa:'p << vse wis decree a OD 
Management 
Broadening the experience of poten- 
tial 
Development, creating a climate 


f 
Intangible qualities of good .....399 
Job switching 
Putting ideas into practice of 
potential 
Selection of candidates for .....399 
Training program, a 
Manganese 
As pinholing cause 
Pinholing, effect on 
In pearlitic malleable, harden- 
ability 
Melting, Induction 
Ductile, high strength titanium 
EE sa 9 aa ee oa 225-230 
Magnesium sand foundry 
Melting Practice 
Aluminum casting alloys .. 
Aluminum, die casting and 
permanent mold 
Metal Casting 
By controlled heat transfer . 
Casting design 
Cooling rate, metal mold 
materials 
Copper alloys 
Cores 
Feed metal vs. physical properties, 
aluminum, effect 


. 497-502 


. 177-183 


Metal Casting ( continued ) 
High thermal conductivity, 
aluminum 
Light metals 
Mechanical properties, aluminum 
castings 
Permanent mold 
Process, effect of 
Risers effect 
Sand 
Steel 
Vacuum techniques 
Metal Penetration 
Alleviated by washes 
As a gas 
As an oxide 
Depth vs. pressure 
Elimination by core mixes 
In cores and molds 
Increases with metal head 
Increases with temperature 
Literature review 
Major causes 
Metal head effect 
Resistance 
Decreased with excessive 
ramming 
Increased with ramming 
Test castings used for metal ..1, 2, 3 
Metals 
Nonferrous, die and permanent 
mold casting 
Reactive, casting 
Reactive, casting technology .354-360 
Microporosity 
Problem, gray iron castings . . 
Vs. solidification pressure, 
aluminum alloys 
Microshrinkage 
-Greied A7-63 magnesium alloy, 
tensile properties 
Microstructi:zes 
Malleable iron, effect and 


..50, 51 


129-134 


166-176 
Moisture 
Control to prevent pinholing .... 33 
Sand, hot deformation rate 
Vs. hydrogen content 
Mold 
Controls necessary 
Expansion graphs 
Metal penetration in sand 
Penetration for steel 
Rammed graphite material, 
titanium castings 
Rammed, movement 
Ramming vs. penetrating pressure 3 
Rate of expansion, data 
Stee! and core sand binders, 
purchase specifications . . 
Surface behavior 
Temperature ranges 
Thermal growth 
Mold Hardness 
Molding sands 
Mold Materials 
Risering, gray iron, effect . 
Mold Process 
Metal casting, by controlled heat 
transfer 
Molding Sand (see also Sand) 
Additions vs. hot 
deformation 
Additives effect, metal penetration 
At elevated temperatures 
Bentonites vs. hot 
deformation 
Clay effect 


. . 125-128 
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Molding Sand (continued ) 
Clay type equivalence 
Compressive hot strength 
Compressive load, rammed 
specimen 
Cooling hot sands 
Correlation, method of ....59, 60, 61 
Cubical volume relationship 
Cubic packing 
Cushioning material 
Developing properties in .... 
Dry compressive 
strength 265, 266, 267 
Dry strength and green strength 
combinations 
Dry strength vs. per cent of water 66 
External load 
Fire clay 
Fool-proof sand 
Green compressive 
strength 
Green strength, dry strength, mold 
hardness, correlation 
Green strength vs. dry strength .60-68 
Hot deformation 
Hot toughness 
Internal loading 
Inter-sand-grain movement 
Mixes 
Mixing and uniformity 
Moisture in sands 
Moisture vs. hot deformation .... 
Mold hardness vs. green and dry 
strength 
Mold hardness vs. green 
strength 
Mulling 
Effect 
Time change, effect 
Time vs. green and dry 
strength 
Time vs. temperature and 
moisture 
Time vs. temperature, moisture, 
green and dry strength 
To prevent pinholing 
Preparation 
Problem of hot 
Relative mesh-cube volumes . 
Restraining loads 
Rhombohedral and Rhombic 
packing 
Sand temperature vs. cooling 
during mulling 
Screen-size distribution 
Sieve ratios and processing for 
strong 
Silica sand expansion forces 
“outhern bentonite 
Southern bentonite properties ... .£ 
Steel casting sands 
Support balls estimation 
Thermal-static pressure 
Temperature vs. hot deformation 8, 9 
Temperature vs. sand control 
properties 
Temperature vs. vapor pressure 
and heat of evaporation 
Water needed to cool 
Western bentonite 
Western bentonite properties . 
Molding, Shell 
Copper castings 
Process capability evaluation . 
Survey of 
Molds, Alumina 
Sintered, investment casting 
steels 





Subject Index 


Molds, Bar 
Cast tensile, improved design .284-287 
Molds, Permanent (see also Die Casting) 
And die life, nonferrous die 
casting 
Molds, sand 
Green, gas pressures in ..... .361-368 
Molten 
Aluminum, hydrogen release .301-304 
Penetrating pressure vs. surface 
tension 
Mulling 
Molding sand 


Nitrogen 
Aluminum affinity to 
As a carbide stabilizer 
Content increased 
By ammonium compounds 
By ferrocyanides 
In cast iron 
Large additions, porosity 
Pinholing effect 
Retains eutectic carbide 
Retains pearlite 
Titanium affinity to 
Nodular Iron 
Analysis 
Austenitizing temperature 
Cementite 
Chemical composition, test irons . . 
Composition 
Ductility attainment 
Elongation graphite 
Eutectic fineness 
Ferrite formation vs. cooling 
rates 
Ferrite zones 
Ferritization 
Of martensite 
Of pearlite 
Graphite growth rate 
Heat treatments 
Impact ductility, martensite 
Impact tests 153, 162, 163 
Values vs. unnotched bars .. 
Interfacial energy 
Isothermal growth 
Isothermal transformation . .. . 158-162 
Evaluation, treated reheated . .163 
For cooled specimens ....158, 159 
For reheated 
specimens 
Magnesium vs. sulfur 
Mechanical properties vs. per 
cent ferrite 
Normalizing treatment omission 
effect 
Per cent ferrite vs. time 
Pinholing 
Properties, test irons 
Quenching, fast 
Quenching temperature vs. 
properties obtained 
Secondary graphite 
Shotting 
Slow cool 
Solidification mechanism 
Structural considerations 
Surface energy 
Tensile properties vs. heat 
treatment 
Undercooling 
Nodules 
Formation, nodular iron 
Noise 
Effects of 


160, 161, 162 
8 


7 


Noise (continued ) 
Induced hearing loss 
What it is 
Why be interested in 

Nonferrous 
Die casting, die and permanent 

mold life 

Nonferrous Metals 
Alloys used, United Kingdom ... 

Pattern 
Casting machines 
Die and permanent mold casting, 

United Kingdom 
Dies 
Fettling and finishing 
Industrial standards, 
United Kingdom 
Inspection and quality control ... 
Mechanical handling 
Mechanical properties, alloy 
Melting equipment 
Standard aluminum alloy ....467, 468 
Standard copper alloy 
Standard Magnesium alloy .. 
Standard zinc alloy 
Surface treatments 
Tensile and impact properties .476-479 
Variation of properties with 
temperature 

Novolak 

And quartz, adhesion between, 
gases effect on 288-294 

Nuclear Reactor Castings 
Cores 
Hexigonal castings 
Melting and molding 
Mold design 
Radiator type, fuel elements 


O 


-468 


210, 211 
210 
. -210-212 


Olivine 
Accurate castings from ....299, 300 
Aggregate, industrial applica- 

SE a waa wpowaie. gk wollen oS<8 295-300 
Gray iron applications 297, 298 
Gray iron mixtures 
High manganese-steel applica- 

tions 
Nonferrous applications ........ 296 
Nonferrous sand formulations . .. .296 
Pricr studies of 
Shell-molding applications 
Shell-molding mixture 
Steel applications 
Steel mixtures, green sand 
Thermal properties 

Oxygen 
Chill depth, effect on 
Content increase 
In cast iron 
Increase in ladle 
Increase in low silicon iron .... 
Stabilizing effect 
Vs. annealability 


Packing 
Of small particles, theories ... .‘ 
Particle, principles and 
limitations 
Particles 
Packing, principles and 
limitations 
Small, packing theories 
Pattern 
Equipment, foundry 
Equipment, shell mold, gating 
and risering 
Margin of safety 
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Pattern (continued ) 
Plastics, a little knowledge of .197-198 
Shell mold, and core boxes, con- 
struction 
Standards 
Wear and construction, plastic 
core boxes and 
Patternmakers 
Common problems of 
Engineering problems of 
How to help sell castings .... 
Market factors 
Pattern engineer and 
duties 
Pearlite 
And ferrite formation, cast 
OU awd cepadse cen nd sce 
Pearlitic Malleable 
Rit GE 25h ks cance senion 13-14 
And standard, heat treatment vs. 
quench and temper 507-512 
Austenitizing increases 
hardenability 
Chemical composition 2 
GREEN cic iia ccccanvens 12-16 
End quench graphs .......... 13-16 
IE oe tas bade ac ccen 12-16 
Hardenability tests 
Heat treatment 
Liquid quench 
Machinability 
Matrix hardness 
Normal hardness range 
Quench hardening 
Rockwell hardness 
Penetration, Metal 
Literature review of 
Permanent Mold 
And die casting, aluminum 
melting practice 
And die casting, nonferrous 
metals 
And die life, nonferrous 
casting 
Pinholing 
Asm AAO 66 5.06655 darn sade 27 
Aluminum effect 20, 23, 24, 25 
Appearance of 
Aspiration type 
ROA rr 34 
Causes 31 
Evolution type 
Ferrosilicon effect 
Hydrogen content effect ........ 26 
In white iron castings ........31-35 
SEE OE nck coho nr sousacceruee 
Magnesium effect ............ 24, 26 
Manganese effect ............ 20, 22 
Pouring temperature effect 
Prevention of 
Reaction type ...........31, 32, 33 
Titanium effect 21, 23, 26, 27 
Plastic 
A little knowledge of ........ 197-198 
Early difficulties 
Patterns and core boxes, 
construction and wear ... .569-570 
Specification problems ......... 198 
Surface coat, pattern 
Uses other than patterns 
Upkeep, patterns and core boxes .570 
Versatility and workability 
Porosity 
85-5-5-5 bronze, foundry variables 


584, 585-586 


533-543 
466-479 


184-186 


Press Forging 
Aluminum alloys 
Pressure 
Gas, in green sand molds .. . .361-368 
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Pressure (continued ) 
Increase promotes metal pene- 
tration 
Solidification vs. microporosity, 
aluminum alloys 
Prevention 
By the ounce 433-438 
Establishing an effective mainte- 
nance program 439-445 
Foundry preventive 
maintenance 
Process 
Calcium carbide injection 
Capability, shell molding, 
evaluation 
Carbon dioxide, sodium silicates 
315-323 


446-451 


.. -327-335 


Processing 
And sieve ratios, strong molding 
sands 
Properties 
And aging practice, aluminum 
alloy X357 
Bonding, bentonites, heat 
effect 
High temperature, shell 
molds 
Mechanical, aluminum castings . . 
Mechanical, cast steel, vanadium 


Nodular iron 153, 154 
Tensile vs. heat treatment .153, 154 
Press forged magnesium 
castings 
Tensile, AZ-63 magnesium 
alloy 
Purchase Specifications 
Bentonite 
Cold set oil 
EINE 34-5 S%.c deta’ ocdeuonee 126 
CCM hb ewae ewok oreens 126 
Inspection program .........%.. 125 
Liquid phenolic plastic ........ 126 
Shell mold and core sand 
binders 
Tests and equipment used ...... 


Q 


Quench Hardening, Pearlitic malleable 


Rammed 
Graphitic mold materials, 
titanium castings ......... 135-142 
Ramming 
Vs. penetrating pressure 
Reaction 
Iron-silica interface, atmosphere 
and temperature effect ....452-458 
Pinholes, white iron castings . . .31-33 
Reactive Metal Casting 
Alloy casting effects ........ 258, 259 
Arc-current variation effect 
Carbon analysis 
Consumable-electrode arc 
furnace 354, 355, 358, ‘ 
Corrosion rates, zircaloy 
PEE SIO oe 257 
NS gin ee Va wean gah 356 
Heat distribution and metal 
yield 
Heat loss, arc operation . 
Machined graphite molds . . .355, 
Method for 
Problems 
Process variables 
Sales problem 


Reactive Metal Casting (continued ) 

Scrap utilization 

Shrinkage and warping in baking 
MEE wists coe ie See ak pts s aD 

Spin casting } 

Technology for 

Temperature controlling 

Temperature, poured metal .358, 359 

Thermopile device ............257 

Titanium 


Variable alloy effect 
Variable ladle size effect ....358, 359 
Variable pressure effect 
Variables vs. temperature of melt. 257 
Zircaloy 
IR ov nrn oho Bie es kee «ORT 
Reduction 
Of silica, large shell molds ..459-465 
Refractory 
Cupola, lining contour ....117, 118 
Electric furnace, shell cooling 
techniques 
Rigging 
Design, magnesium castings . . 
Ring Coolers 
Electric furnace 
Risering 
And gating, shell mold pattern 
equipment 
Gray iron 
And solidification 
Location 


Recommendations .........53, 54 
Size selection .............51, 52 


S 


Sand (see also Molding Sand ) 
Aluminum Castings ............ 240 
Bentonite additions vs. hot 
deformation 
Base exchange capacity 305 
Heat effect on bonding 
Castings, aluminum ............283 
Aluminum-copper 
Controlled heat transfer 
Magnesium alloy 
Compaction ...........36, 421, 
Cores, CO2 
Dry and green, effect on 
risering 
Dry strength 
Fire clay bonded 
Grain fractions, density, sieve 
analysis 
Grains, lose, pinholing ......... 35 
Green, gas pressures in molds .. .361 
Green strength 59 
Hot compressive strength 8 
Hot deformation 7 
Hot deformation vs. fire clay 
additions 10 
PN SUID GE gS ois ov orcs 0 oc 261 
Hot toughness 7 
Hydrogen pickup from 
Iron interface, freezing graphs ... 
Magnesium foundry, iriduction 
melting 
Metal penetration in, surface 
tension 
Mixes, for steel casting 
Mixtures, austenitic steels 
Moisture, hot deformation rate 
Mold 
Metal penetration in 
Metal reaction 
Ramming effect 
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Sand (continued ) 
Surface behavior 
Mulling of 
Olivine, industrial applications . .295 
Properties, gun-metal castings ... 
Shell mold, cold-coated mixes .... 


Size distribution 
Uses, for tests 
Sieve ratios for strong 
Sodium silicate, for the CO2 
process 
Sodium silicate, hardening 
Ventilation, bin and mixer 
Voids, metal penetration 
Sand, Compaction 
Small particles, theories 
Sand Grain Fractions 
Compacting samples, 
method of 
Densities vs. jolting energy .... 
Density 
Graphs, sand fractions 
Michigan bank 
Michigan city 
Ottawa 
Wisconsin bank 
Wisconsin silica 
Iron determination 
Microscopic examination 
Ramming effects 
Sieve analysis 
Sieve fractions preparation ... 
Test sands used 
Sand Grains 
Loose, pinholing 
Sand Mixes 
Large steel castings 
Sand Mold 
Green, gas pressures in 
Hydrogen pickup, green and dry 
sand 
Scrap 
Cupola operation, effect on ...... 397 
Metal charges used ............ 397 
Size and weight effect, tapping 
temperature and coke cost ....398 
Size effect, cupola tapping 
temperature 
Types of, used 
Sea Coal 
Additions vs. hot deformation .... 
Shell Mold 
Basic materials used 
Casting defects 
Casting diameter measurement .. 
Cavities inserted 
Cold-coated mixes 
Cope and drag swell 
measurement 
Defect formation, effect on 
Designing of gating 
Direct and indhrect pressure-type 
gates 
Dry shell mixes 
High temperature expansion 
High temperature tests 
Metal poured for tests 
Mixing procedure 
Mold composition, effect 
Mold design, for tests .......... 459 
‘Pattern equipment, gating and 
risering 312-314 
Patterns and core boxes, 
construction of 
Placing gates and risers 


Planning gating system ....312, 313 
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Shell Mold (continued ) 
Plate defect 


Pressure-type gates 
Primary steps to consider in 
construction 
Problems of 
Rattail defect 
Reaction mechanisms 
Resins used 
Sands used 
Section size, effect 
Shell bonding 
Shell making 
Shell tensile strength 
Silicon-oxygen reactions 
Size distribution, sand used 
Sprue and runner basins 
Standardization of parts 
Strengths of shell mixes 
Surface imperfections in large ... 
Temperature, effect 
Test data and results, cold-coated 
mixes 492-494 
Test data and results, dry 
mixes 
Test pattern 
NE SSE rae 
Shell Molding 
Advantages 
Automatic transmission casting.81, 82 
Average deviations 
Calcium carbonate effect .... 
Calcium boride 
Composite molds 
Copper, deoxidation practice ... 
Deterrent to steel castings 
Differential case test 
Dimensional accuracy 
Dimensional control 
Dimensional variation ...........5! 
Dissociation temperature, 
calcium carbonate 
Electrical conductivity . . 
Embrittlement, hydrogen 
Enthalpy changes 
Equations for calculating 
deoxidation 
For steel castings ........... 403-408 
Forsterite effect 
Histograms, distribution 
frequency 
Hydrogen pickup 
Hydrogen vs. copper oxide .... 
Liquid bonding resin 
Manganese dioxide effect ... . 
Molding practice 
Mold material coefficients 
Oxygen 
Pattern dimensions 
Problems, production 
Process, capability evaluation .. . 
Quality control 
Reaction equilibrium, carbon 
and carbon dioxide 
Sand and sand-resin 
a 
Shell core blowing 
Shell core dimensions 
Skip formation 
Surface defect causes ....... 408, 404 
se Sere 559-560 
Thermal conductivity, 
olivine 
Titanium effect on deoxidation ... 
Zircon etfect 
Shrinkage 
Distribution, gray iron 


Silica 
Reduction, large shell molds. .459-465 
Silica Flour 
Bonded sands 
Eliminates metal penetration 
Hot deformation vs 
Silicon 
In pearlitic malleable iron 
Losses in cast iron 
Low, in cast iron 
Raises oxygen content 
of scrap effect, cupola tapping 
temperature 
Sodium Silicate 
Bonded sand, hardening 
Bonding characteristics ......318-319 
Collodial nature of 
Composition after gassing 
Composition of 
Compressive strength vs. gassing . . 
Concentration vs. viscosity 
Density vs. composition 
Reet ID ecce ce ch ot5-6 0.0 60 0 322 
For the carbon dioxide 
OO SEES eee 
Mixing order 
Mixing order vs. gassed strength . .318 
Physical characteristics ..........317 
Solidification 
Mechanism, gray iron 
risering 
Pressure vs. microporosity, 
aluminum alloys 
Vs. interface temperature .. 
Solution Treatment 
Aluminum-copper alloys 
effect 
Specifications 
Purchasing steel mold and core 
sand binders 
Steel scrap, duplexing cupola 
NNN 5 000.2 5:a's wana 0 268-270 
Steel 
Cast, effect of vanadium on 
mechanical properties 
Castings, factors affecting 
toughness ...............344-348 
Castings, resistance to 
abrasion 
Investment casting, sintered 
alumina molds ........... 247-251 
- Mold penetration depth 4 
Mold, purchase specifications . 125-128 
Steel Castings 
Abrasive hardness influence 
Abrasive hardness vs. wear rates . 
Acid or basic steel ..........344, 345 
Acid slag viscosity vs. metal 
quality 
Alloying elements effect 
Alloy recovery from slag 
Austenitic steels 
Austenitizing temperature vs, 
wear rates 
Boil phase effect 
Calcium carbonate effect . . 
Carbon content vs. abrasion 
resistance 
Carbon steel 
Composite shell molds for 
Deterrent to shell molding of .... 
Dissociation temperature, 
calcium carbonate 
Enthalpy changes, shell molding . .406 
Factors affecting toughness . .344-348 
Forsterite effect 
Hydrogen effect ...........345, 346 
In ball and rod mills ............ 188 


129-134 
. .213-221 


425-432 


. 405, 406 


Steel Castings (continued ) 
Iron oxide in slag vs. metal 
quality 
Manganese dioxide effect 
Martensitic steels vs. 
martensitic white irons 
Mold material coefficients 
Pearlitic steels 
As-cast vs. normalized 
Carbon effect 
Hardness effect 
Pearlite and bainite 
Tempering effect 
Reaction equilibrium, carbon and 
carbon dioxide 
Reduction of area .......... .344-347 
Resistance to high stress 
abrasion 
Rockwell hardness 
Shell molding for 
Short-time wear test 
Skin formation 
Slag and temperature adjustment .‘ 
Slag-metal reactions 
Slag vs. metal quality 
Solidification equation 
Sulfur effect 
Surface defect causes, 
shell molding 
Tap-hole size vs. metal 
GEES; dhaax bien ba beh ated 
Tempering vs. abrasion 
resistance 191 
Tensile strength ................344 
Thermal conductivity, olivine ...405 
Time vs. wear testing materials . .188 
Wear rates, liner steels 190 
Zircon effect 405 
Steel Scrap 
Cost vs. loss 269 
Loss reduction through control . .270 
Melting loss due to scrap 
preparation 27€ 
Raw material cost per ton 
Specifications, duplexing cupola 
white iron y 
Steel melting scrap 
Undesirable, effects ........ 268, 269 
Structural 
Considerations, nodular iron 
Sulfur 
Magnesium, nodular iron vs. .... 58 
Surface Tension 
Ammonia effect 291-293 
And contact angle, helium . .290, 291 
Equations for calculating ........ 294 
Liquid, measurement 290, 291 
Nitrogen effect 
Oxygen effect 291, 292 
Penetrating pressure vs. ......... 2 
Water vapor effect .......... 291-293 


T 


...405, 406 


.. 56-58 


Temperature 
And atmosphere effect, iron-silica 
interface reaction ........ 452-458 
High and low, mechanical 
properties, cast steel, vanadium 
MNEs 95:45 oecRaat saan 425-432 
High, properties, shell molds .484-494 
Interface vs. solidification ... .213-221 
Metal, increase, lessens penetrating 
pressure 
Pouring, increases metal pene- 
tration 
Pouring, pinholing effect ........ 28 
Tapping, coke needed to 
produce 
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Temperature (continued ) 
Tapping, cupola, scrap size 
effect 
Vs. hot deformation 
Vs. penetrating pressure 
Tensile 
Cast bar molds, improved 
design 
Properties, AZ-63 magnesium 


Tin 
Penetrating pressure vs. temper- 


Ramming vs. penetrating pressure 
Titanium Castings 
PEE PUREBON on ok cis Site kc dks s 228 
Carbon contamination 
Chemical analysis, ingot ....227, 228 
Chemical reactivity 
Consumable electrode-vacuum arc 
furnace 
Difficulties with 
BEGET WOAINORES oo. ccc ce ceeds 227 
High strength, by induction 
melting 225-230 
Knoop hardness vs. distance into 
metal 
Macroetch surface 
Mechanical properties ......228, 229 
Melting process 
Molds, graphitic 
Absolute permeability, 
equation 
Baked compressive strength vs. 
per cent water 
Compressive strength .136, 137, 141 
Fired compressive strength vs. 
ee. 138 


Titanium Castings (continued ) 
Green compressive strength vs. 
per cent water 
Material composition ......... 136 
POEUN occ ose tessees 137, 140 
Permeability ........ 136, 138, 141 
Permeability vs. per cent water. .139 
Preparation procedure 
Rammed material for ..... 135-142 
Refractories 
Sieve analysis, electric furnace 
graphite 
Optimum strength-ductility ..... 230 
SS EEN Oe 136, 137 
Surface contamination ...... 137, 139 
Surface evaluation ......... 136, 137 
Thermal conductivity ..137, 139, 140 
Toughness 
Factors affecting, mild steel 
RI 5 ain dai atilonia aca ated 344-348 
Treatment 
Chemical, copper alloys 
Heat, vs. tensile properties, 
a a 153, 154 
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Undercooled Graphite 


Formation 18, 561-568 


Vacuum 
Die casting, progress in 
Vanadium 
Mechanical properties, effect on 
NOIEEE vos ks Scacina es bee's 425-432 
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Transactions 


Voids 
Determine penetrating pressure . 
Size, pressure and temperature 
work together 


Ww 


Washes 
Alleviate metal penetration 
Detergents make effective 
Silica flour effect 
Zircon flour effect 
Wear 
And buildup, material, dust piping 
to prevent 418-420 
White iron 
Duplexing, cupola, steel scrap 
specifications 
Pinholing defects, causes and 
types of 
Wood Flour 
Additions vs. hot deformation 
Work Sampling 
Acceptable tolerances in 
Confidence levels of 
Day-to-day variation in 
Nomographs for 
Observation interval for 
Step-by-step procedure in . .581-582 
Technique, practical application 
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Theory of random sampling 
De nc tcaeue es as aenss sae 
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Zinc 
-Aluminum-Magnesium casting ‘ 
alloy 222-224 
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